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Abstract: The IBM Selective Sequence Electronic Calculator (SSEC) was placed in operation 
in January, 1948. It was partly electronic and partly electromechanical. It is of historical 
interest, in part because of its capability of operating dynamically on its own stored instruc- 
tions as data. This report includes a summary of its major functional units, its program and 
value formats, and the manner in which it operated. This description is based primarily upon 
information contained in U.S. Patent No. 2,636,672, "Selective Sequence Electronic Calcula- 
tor," issued On April 28, 1953, to F.E. Hamilton, R.R. Seeber, Jr., R.A. Rowley, and E.S. 
Hughes, Jr. 



Introduction 



The IBM Selective Sequence Electronic Calculator (SSEC) was a large-scale electronic and 
electromechanical machine with all the system components of a modern general-purpose 
computer. It was developed and built in the IBM laboratory in Endicott, N.Y., in the period 
from 1945 to 1947, moved to IBM corporate headquarters in mid- 1947, and placed in service 
with a formal dedication on January 27, 1948. 

The SSEC performed its computations electronically, according to "lines of sequence" 
(instructions) stored in the same memory and in the same word form as ordinary data. Its 
memory consisted of three levels in three technologies, in order of increasing capacity and 
decreasing speed: electronic storage units (registers), relays, and punched paper tape. It was 
capable of modifying any part of an instruction in memory, including the part that specified 
the next instruction to be executed. 

The SSEC contained 12,500 vacuum tubes, 21,400 electromechanical relays, and 66 paper 
tape readers, and occupied the periphery of a room about 60 feet long and 30 feet wide. It is 
of historical interest, in part because of its ability to modify its own program. It was not 
described in great detail in its own day (it was dismantled in mid-1952), and in order to 
produce the equivalent of a programmers's description of the machine, a study was made of 
U.S. Patent No. 2,636,672, "Selective Sequence Electronic Calculator," issued on April 28, 
1953, naming as inventors F.E. Hamilton, R.R. Seeber, Jr., R.A. Rowley, and E.S. Hughes, 
Jr., of IBM. That patent is the primary source of information that has been used in this 
description. 
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I 

CONTROL DESK 

The Control desk is a manual switching center at which a duplicate of practically every 
control circuit in the machine may be set up by manipulating switches and keys. The control 
desk holds control keys such as start and stop keys; also sets of dial storage and the switches 
and keys for use in setting up an artificial line of sequence. A keyboard and connection are 
also provided at the control desk for applying desired numbers to relay storage. Cancel 
circuits (clearing circuits) for the MD calculating unit, the accumulator unit, the denomination- 
al shift unit, the electronic storage, the main commutator, the pilot units and every other unit 
desired may be operated individually or together from the control desk as well as automatical- 
ly. 
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II 

ARTIFICIAL LINE OF SEQUENCE 

The machine is started by an artificial line of sequence, which is manually set. This 
consists of SI or S2 data or both and is inserted in sequence storage under manual control, as 
the starting instruction for sequencing of operations of a problem. In other words, the 
artificial line of sequence data provides direction as to where the first real set or line of 
sequence data is to be obtained. By a real set of sequence data is meant such data as is called 
out automatically from tape storage or relay storage or other source for sequencing operations 
leading to the solution of some problem. 



Ill 



RECORD TAPES 

The record tapes may be used to store values either for computational purposes or for 
program or sequence control purposes. Sequence data is made up of numbers which can be 
handled the same as the numbers involved in calculation. Tapes which store numbers for 
computation are called "value tapes." Tapes which bear programming or sequence data are 
called "program tapes." For both program and value tapes, the numbers are punched 
according to the same code, binary coded decimal, in which a complete binary zone which is 
called a column, is made up of four successive binary positions 8, 4, 2 and 1. 

The record tape has the width of a standard 80 index position card, but owing to the 
space occupied by the marginal feed holes, 78 positions are allowed. In other words, tape has 
a capacity of 19 and half digit columns, or sufficient capacity to be punched, if desired, with 
representation of nineteen decimal digits and a sign. Hence, this row of 19 and one-half index 
positions illustrated in Fig. 1 is called a "word." 
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PROGRAM TAPES 

Programming or sequencing of machine operation is controlled by the program tapes 
illustrative portions of which appear in Fig. 1 (a) and (b). Successive designation lines of the 
program tapes bear sequence data which may be referred to as an "instruction word," or as 
"sequence data." A complete line of sequence data is made up of two designation lines on a 
pair of program tapes. One half of the line of sequence data or one "word" is a designation 
line on one tape and the other half is a designation line on another of the tapes. The values of 
words are differentiated as SI Seq. and S2 Seq. portions. So a program tape will be punched 
with either SI Seq. data or S2 Seq. data. Both SI Seq. and S2 Seq. data are similar with 
respect to the arrangements of fields and subfields, but have certain differences with regard to 
programming functions. SI Seq. portion is. made up of fields P, Q, R, SHI, OP1 and SI (Fig. 
1(a)), whereas, S2 Seq. of portion is made of fields T, U, V, SH2, OP2 and S2 (Fig. 1(b)). 
The fields Q, R, U and T may be used as either IN or OUT fields. Field P is always an OUT 
field and field V is always an IN field. An OUT field is one which calls for the reading out of 
data from a selected tape or relay storage source to a selected electronic storage unit by way 
of the out bus set fixed by association with the electronic storage. An IN field is one which 
calls for transmission of data from a selected electronic storage unit along the corresponding 
IN bus set to a tape or relay storage distinction. Each of the fields P, Q, R, T, U and V are 
divided into three subfields, s, b and r. Ps subfield comprises column 1, which is actually half 
a column (2 bits) with decimal values 0, 1, 2 and 3 only, and is used to designate the opera- 
tional sign which is to be applied for a number read from a source. A perforation in binary 
position 2 designates operational " + " sign, i.e., the number taken from the source named in Pr 
(see later) is to be handled in calculation without any change of its sign. A perforation in 
binary position 1 represents operational "-" sign, i.e., the number read to be operated upon 
with an inversion in its sign. The absence of perforation in Ps represents "0," which is for 
operational fixed " + " sign, i.e., regardless of the original sign of the number it is to be treated 
as a positive number. Perforations in both binary 2 and 1 position represents decimal 3 which 
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means operational fixed "-" sign, or treating the number as "-" regardless of the original sign. 
Pb subfield is the column 2, which may contain the decimal values 1, 2, 3 ... 8, designating the 
electronic storage unit and corresponding out bus set involved. 

Pr subfield is made up of columns 3, 4 and 5 bearing the hundreds, tens and units digits 
of the Code number for the source from which a value is to be transmitted to the electronic 
storage unit named in Pb. 

When a subfield "b" in any program field P, Q, R, U, V and T is blank, it represents "0" 
and calls for the field to be, in effect, skipped over, during a scanning sequence of the 
program line. When a subfield r in an OUT field is blank, then it calls for transmission from 
the electronic storage unit named in its b field to the electronic storage unit named in the b 
subfield of an IN field, which may also be blank in its r subfield. Field Q may be used either 
as IN field or an OUT field. Subfield Qs is a complete decimal column, unlike Ps, and 
occupies column 6, in which 0, 1,2, and 3 have same designation as Ps. Additionally, any of 
these numbers in Qs characterize Q field as an OUT field. Any digit in Qs higher than 3 
makes Q an IN field. Besides the values 4 to 9 designate the tens denomination of a column 
shift and whether the shift to be executed to the left or right. The value 4 in Qs thus desig- 
nates Q as an IN field and also calls for a shift to the right with a zero tens order. A 5 has 
same interpretation only with a shift to the left. The value 6 calls for right shift with a tens 
order shift of 1. 7 calls for the same amount of left shift. The value 8 calls for a right shift 
with a tens order shift of 2. 9 does the same for a left shift. 

Subfield b, in column 7, is used to designate the electronic storage unit number to send or 
to receive data, depending on whether Q is an IN field or an OUT field. Qr is located in 
columns 8, 9 and 10 to represent the source from which a number is to be sent to the 
electronic storage unit if the field Q is an OUT field or to represent the receiving unit to which 
the number is to be transmitted from the electronic storage unit if the field Q is an IN field. 
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Field R is contained in columns 11 to 15 and its subfields are similar to the field Q and 
its subfield. 

Field SHI in column 16 designates the units order amount of column shift to be executed. 

Field OP1, in column 17 and 18 calls for the fundamental calculating operations to be 
performed, such as accumulation, multiplication, division, etc. 

The field SI is a two column field in 19 and 20 which designates the source for next left 
half line of sequence data. 

The right half line of programming, S2 Seq., has fields and subfields similar to those of 
the left half line, SI Seq. Generally, all fields and subfields of S2 Seq. correspond to those of 
S 1 Seq. with the following exceptions: 

1. As mentioned before, field V is always an IN field while P is always an OUT field. 

2. The field T can be either IN or OUT field depending on the code in the field OP2. 
When the latter field has the designation Ol, it characterizes T as an IN field. In all 
other cases, the field T is an OUT field. 

It is important to understand the sequential nature of the scanning and execution of the 
elementary operations called for in a line of sequence: The left half line, or word, is executed 
first; then the right half line; then the next half line, etc. Furthermore, within a half line, the 
fields are interpreted and the specified elementary operations executed also from left to right. 
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IV 

ELECTRONIC STORAGE 

The electronic storage units are used for the temporary storage of numbers, and may be 
compared to the general arithmetic registers of a modern computer. 

There are eight similar electronic storage units designated as ESI, ES2 ES8. Each has 
twenty columns (eighty bits) of decimal digit storage capacity. Entry into the ES may be 
made from the internal IN bus set or alternatively from the corresponding numbered OUT bus 
set. Read out or exit from an ES unit may be into the internal OUT bus set or alternatively 
into the corresponding numbered IN bus set. 

All control and timing signals of ES are provided by the eight correspondingly numbered 
pilot units. Whenever any transfer occurs, the data are passed through the electronic storage 
unit. All numbers on the OUT bus sets enter electronic storage on their way to selected 
destinations. 

All numbers on the IN-bus sets, with the exception of the artificial line of sequence from 
the dial switches, are taken from the associated electronic storage units and directed to the 
specified receiving units. The electronic storage units are numbered 1, 2, 3, 8 and can be 
accessed by the use of corresponding digits in the single-column "b" subfield in the program 
sequence. 
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V 

RELAY STORAGE 

Relay storage consists of sets of relay storage registers, also called relay storage units, 
which receive numbers from the IN bus sets and store them until called out for transmission 
along the OUT bus sets. Certain of these relay storage units also serve to control the printing 
unit, as will be explained later (in printing section). There are ten sets of storage relays 
designated as the 0, 1, 9 sets. Each set has fifteen storage units and each unit has twenty 
columns of storage relays, each column capable of storing a decimal digit. As the decimal digit 
is represented in BCD code, there are four relays in each column, which may be called "8," 
"4," "2" and "1" relays of a column. Each relay storage unit is identified by a three-decimal- 
digit number, which may appear in the "r" subfield of any IN/OUT field. The digit in units 
place is the number of the relay storage set containing that unit of storage. The two left hand 
digits form the unit identification number. Thus in relay storage set "0," the fifteen units are 
designated as 010, 020, 030, 150; and for example, unit 159 is the 15th unit in the set 9. 
The code numbers for selecting relay storage units are the same as the identification numbers 
of these units except for certain special numbers relating to selection of relay storage units for 
controlling record operations. As mentioned earlier, all the numbers on an IN/OUT bus set 
from any source or to any receiving means are passed through ES (with the minor exception of 
the artificial line of sequence). Hence, when the program calls for a number to be entered 
into or taken out from a relay storage unit, it is necessary to refer one of the ES also, which is 
done by using the corresponding "b" subfield. 

If only 10 column numbers are to be handled, then each storage unit can be used as a 
split storage device to store two numbers each with 9 digits and a sign. Right and left half of 
the storage unit can be reset and written independently. All these are done by plugging as has 
been explained in the Patent. 
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VI 

TAPE STORAGE 

Tape storage comprises three banks Nos. 1, 2 and 3, each with ten tape stations. Each 
bank has eight group sets associated with eight OUT bus sets 1 to 8. Selection of a unique 
tape storage location, therefore, requires selection of a tape storage bank and selection of one 
of its group outs. The selection of a bank is determined by the tape storage code number in 
the r subfield and selection of one of the group outs from this bank is determined by the digit 
in the adjacent b subfield. The code number for the tape storage stations run from 403 to 422 
and 503 to 522 for bank 1; from 433 to 452 and 533 to 552 for bank 2; and from 463 to 482 
and 563 to 582 for bank 3. It is clearly seen that the hundred order digit 4 or 5 identifies 
tape storage, and of tens order digits 0, 1, and 2 identifies bank 1, any of tens order digits 3, 4 
and 5 identifies bank 2 and any of tens order digit 6, 7 and 8 identifies bank 3 . The following 
section is not needed for programming purposes, but is included for better understanding. 
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Figure 2 shows the ten tape stations in one bank. Associated with each station there are two 
outlets called station selector A and B. Each of the station selectors A comprise a gang relay 
ASS and each of the station selectors B includes a gang relay BSS. The station relays may be 
differentiated by a prefixed number corresponding to the associated station, e.g., relays 1ASS 
are associated with station 1. As there are thirty stations in: all there are sixty station relays 
ASS and BSS. The tape storage code number calls for a particular one of these station relays. 
As explained before, all tape storage code numbers have 4 or 5 in their hundreds order digits. 
The distinction is that the hundred order digit 5 calls for the station tape to move after being 
read out while hundred order digit 4 calls for the station tape to remain at rest after being read 
out. Regardless of whether the hundreds order digit is 4 or 5, tens order digit 0, 1, 2 charac- 
terize code numbers for station relays in tape storage bank 1, tens order digit 3, 4 and 5 are in 
the code number for the relays in bank 2 and tens order digit 6, 7 and 8 select the relays of 
bank 3. Units order digits which are odd relate to relays ASS and those which are even 
related to relays BSS. The ten station relays in bank one identified as follows (ignoring the 
digit 4 and 5 in hundred order places): 1ASS by 03, 2ASS by 05, 3ASS by 07, 4 ASS by 09, 
5 ASS by 11, 6 ASS by 13, 7 ASS by 15, 8 ASS by 17, 9 ASS by 19 and 10ASS by 21. The ten 
BSS relays in bank 1 are identified as follows: 1BSS by 04, 2BSS by 06, 3BSS by 08, 4BSS by 
10, 5BSS by 12, 6BSS by 14, 7BSS by 16, 8BSS by 18, 9BSS by 20, and 10BSS by 22. 
Similarly the relays 1ASS to 10ASS of bank 2 are identified by code numbers 4 or 5 in 
hundreds order followed by 33 to 51 (all odds) and relays 1BSS to 10BSS in bank 2 by 
numbers 34 to 52 (all evens). The relays 1ASS to 10ASS in bank 3 are identified by 63 to 81 
(all odds) and the relays 1BSS to 10BSS by 64 to 82 (all evens). 

There are two more relays MA and MB for each bank of ten stations which, when 
energized, cause the tapes to move. Relay MA when energized allows any of the selected ASS 
relays of the bank to transmit the effect of a move signal to the related move network. Relay 
MB serves the same purpose in relation with the BSS relays. If the code number in the r field 
for a tape storage station had the hundreds order digit 4 then neither the MA nor MB 
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actuates. But if there is 5 instead of 4, then relay MA will be energized if any station relay 
ASS is selected or relay MB will be energized if any station relay BSS is selected. Thus, there 
are three factors to be considered in this selection or nonselection of the move relay. One, 
whether the hundreds order digit is 4 or 5; another, whether the units order digit is odd or 
even (i.e., whether ASS or BSS relay, whether MA or MB) and finally with respect to the 
selection of a move relay from a particular storage bank, whether the tens order digit is in one 
of the three mentioned group of digits. 
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VII 

TABLE-LOOKUP UNIT 

This unit is used to look up table values by comparing arguments punched in the tape 
with the computed arguments received from electronic storage units. The table lookup unit is 
used also to read sequence and value tapes. 

This unit includes 36 tape stations which may carry tapes bearing tables of arguments and 
related function values. The tape argument may consist of from 1 to 5 columns of numerical 
digits punched in the left portion of the tape, starting with binary position 3 but not exceeding 
position 24. (3 and 4 contain the sign). The unit will handle up to 6 tables of one or two 
tape width, which can be arranged by plugs and connections. A table may consist of maxi- 
mum 36 tapes in length if the table is only one tape wide, with a limitation of maximum width 
of 12 tapes wide. 

The lookup operation is conducted by comparing the arguments portion of each succes- 
sive word from tape with the computed argument. The argument selected is the last one that 
does not go beyond the computed argument. This determination is facilitated by the inclusion 
of a pair of reading stations. At that time the function value corresponding to the selected 

argument is available for reading out from the electronic storage unit via its associated bus. 

< 

The code for a table lookup is one of the numbers 281 to 286 in an "r" subfield. A 
program for this operation is: 

Ps Pb Pr Qs Qb Qr Rs Rb Rr SHI OP1 SI 
2 1 127 4 1 281 02 01 

which calls for a transfer of a computed argument from relay storage 127 to the table lookup 
apparatus (since 281 in "r" subfield represents Table 1) via ESI. 
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The selected functional value is positioned at the reading station of the selected tape unit. 
During the lookup operation other computations may be performed following the above line of 
instruction. After such calculation, the following line may be used for reading out the selected 
functional values. 

Ps Pb Pr Qs Qb Qr Rs Rb Rr SHI OP1 SI 
2 1 281 4 1 126 0 02 01 



The selected functional value will be read out to ESI after the execution of this line, and 
stored in the relay storage unit 127. 
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VIII 

DIAL STORAGE 

Here, unlike all other storage, data can be set manually by the operator. A dial storage 

bank consists of a set of twenty dial switches named as DS1, DS2 DS20. Each dial switch 

is manually settable to a desired decimal digit. Thus, twenty digits, i.e., a whole word, may be 
registered by the set of dial switches. The switches are further identifiable as column 1 to 
column 20 switches to conform with the numbering of the bus columns. If the code number in 
an r subfield is "603," it calls for a value to be read out from the dial storage unit no. 3. The 
corresponding subfield "b" selects the dial storage group out and electronic storage, depending 
on which OUT bus set is to receive the value from the dial storage. 



IX 



PLUGGABLE STORAGE 

Besides the various memory storage units, the machine provides pluggable storage as a 
convenient means for applying constants to the OUT-bus sets to be entered in electronic 
storage. Several pluggable storage units are provided. Ten of these are designated by code 
numbers 610 to 619, which may occur in subfield r of an OUT field of a line of sequence. 
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X 

THE ELECTRONIC ACCUMULATOR UNIT 

This is an arithmetical unit in the electronic computing section. When accumulation is 
called for, the accumulator unit receives numbers successively in binary coded decimal form 
(19 decimal digits) from the columns 11 to 29 of the internal IN bus. Along with each 
number, the internal IN bus set will supply the sign of the number to this unit. This unit can 
perform simple accumulation of positive and negative numbers. Means are also provided for 
rounding off up to a desired order of the result in the accumulator. The accumulator may also 
perform a special accumulation operation called tolerance check which will be discussed later. 

Associated with the accumulator unit is a so-called internal commutator which subse- 
quences all the operations of the accumulator upon reception of certain signals from main 
sequence. 

A block diagram representation of the electronic calculating circuit has been attached 
(Fig. 3). The accumulator has 29 orders, of which the 29th is a result sign evaluating order. 
The internal IN bus columns 2 to 29 are connected respectively to entry means for accumula- 
tor orders 28 to 1. However, in the present case only the bus columns 11 to 29 may carry 
significant digits since it is only these columns which receive digits from electronic storage. 
These bus columns 29 to 11 are associated with accumulator orders 1 to 19 respectively. With 
regard to orders 20 to 28, they will receive "0" entries from the bus columns 2 to 10. The 
internal IN bus column 1 which carries the algebraic sign of the number to be entered in the 
accumulator is connected into a "sign mixing" circuit. The outputs of orders 1 to 28 are 
connected to the internal OUT bus columns 29 to 2 respectively and that of the 29th order is 
connected to the internal OUT bus column 1 to apply the sign of the result. 

The operation will consist, in general, in entering the number from the internal IN bus set 
into the entry registers and thereafter from there transmitting the number to the corresponding 
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orders of the accumulating registers. The first set of registers is called the entry counter. The 
second set of registers, the exit counter, comprises the accumulating device per se and its 
register orders are denominationally associated by carry means. Both " + " and "-" numbers 
may be accumulated and an albegraic sum obtained. All numbers are represented on the 
busses in true, binary form if the operation sign is "+." But if it is then tens complement 
of the number in entry registers will be read out therefrom to the accumulating registers. The 
sign of a number and the operational sign may be 0, 1, 2 or 3, as previously explained. 



- 21 - 



XI 

ACCUMULATION 

Assume a line of sequence data selected by SI and S2 numbers is as follows: 

51 Seq- Ps Pb Pr Qs Qb Qr Rs Rb Rr SHI OP1 SI 

2 1 010 2 2 Oil 4 1 030 0 02 16 

52 Seq-* Ts Tb Tr Us Ub Ur Vs Vb Vr SH2 OP2 S2 

1 3 433 2 6 552 4 5 151 6 04 02 

P is always an OUT field. The code number in this field calls for an amount to be read out of 
relay storage unit 010 (Pr) to OUT bus set 1 (Pb) and without a change in sign. The Q field 
is characterized as an OUT field by number 2 in QS and this number also specifies that the 
number to be read out of relay storage unit 01 1 (Qr) to OUT bus set 2 (Qb) is to be handled 
without any change of sign. The R field is characterized as an IN field by the 4 in RS which 
also calls for a shift to the right with a zero tens order. In its entirety, therefore, the R field 
calls for the result to be entered into relay storage unit 030 from accumulator via IN bus set 1 
with a denominational shift to the right of zero tens order. The code number "0" in SHI 
signifies the shift in units place digit will be zero. So it is clear that the denominational shift 
will be zero. Code number 02 in OP field calls for accumulation without half correction. 

In brief, the instruction given by P, Q, R, SHI and OP1 fields are to send numbers from relay 
storage 010 and 011 via electronic storage units 1 and 2, respectively, to the accumulator to 
be accumulated without change in sign of the numbers and without half correction and for the 
algebraic sum to be routed through the denominational shift unit without column shifting and 
then via electronic storage 1 to relay storage unit 030. 

The T field is classed by 04 in OP2 as an out field. 433 in Tr calls for the number to be read 
from the tape at station 1 in the tape storage bank via the A outlet of this station via electron- 
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ic storage ES3 (Tb) and for the tape to remain at rest after the number has been read out. Ts 
signifies that the sign of the number is to be changed. Field U is classed as an out field by 2 
in Us which signifies further that no change Of sign should take place. Number 552 in Ur calls 
for the number to be read out of the tape at station 10 in bank 2 via the B outlet of this 
station through the ES6 (Ub) and for the tape to be moved after the number has been read 
out. Field V is always an IN field, and 4 at Vs calls for a zero tens place right shift. Digit 5 
in Vb indicates that the transferred should be through IN bus set 5 via ESS. Vr represents 
relay storage 151 which is the 15 th unit of set 1 and which is the destination of the result 
from accumulator. Code 04 in OP2 instructs the machine to perform accumulator, with half 
correction of the result. 

In short, the instructions given by T, U, V, SH2 and OP2 are that the numbers from stations 1 
and 10 of bank 2 be applied via their A and B outlets to out bus sets 3 and 6, respectively, to 
be routed through electronic storage units 3 and 6; that the tape at station 10, bank 2 be 
advanced after the number has been read; that the sign of the number taken from station 1, 
bank 2 be changed; that the result be shifted by the denominational shift unit 6 places to the 
right; that the half correction entry of 5 be made in the 5th order of the sum before denomi- 
national shift is completed and that the rounded off result be routed via electronic storage unit 
5 to relay storage unit 151. 

In the proceeding example, we have seen instructions for combining pairs of numbers in one 
instance by addition and without half correction or shift, and in the other instance by subtrac- 
tion with half correction and denominational shift of the result. 

Suppose another line of sequence of data is: 

SI Seq* Ps Pb Pr Qs Qb Qr Rs Rb Rr SHI OP1 SI 

2 1 012 2 2 013 1 3 030 0 01 01 
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S2 Seq- Ts Tb Tr Us Ub Ur Vs Vb Vr SH2 OP2 S2 

0 5 121 1 4 151 4 1 122 0 01 02 

The code 01 in OP1 calls for accumulation without half correction of the accumulated result. 
The interpretation of this program sequence is as follows. A number is to be taken from relay 
storage unit 012 (Pr) and applied to OUT bus set 1 (Pb) without any change of sign (PS=2). 
A second number is to be taken from relay storage unit 013 (Qr) and applied to OUT bus set 
2(Qb) without any change of sign (QS=2). A third number to be read out of relay storage 
unit 030 (Rr) to OUT bus set 3 (Rb) to be handled with a change in sign (RS=1). These 
numbers are to be entered successively to the accumulator (OP1=01). The accumulated result 
and sign are to be transmitted to relay storage unit 121 (Tr) via IN bus set 5 (Tb) as T field is 
characterized as an IN field (OP2=01). 

After executing one in field (i.e., storing one result) the machine clears the accumulator 
and proceeds to scan the rest of the sequence. The number in relay storage unit 151 (Ur) is 
routed to accumulator via ES4 (Ub) with a change in sign (Us is 1). The number changed in 
sign is to be transmitted via the denominational shift unit without column shifting (VS=4, 
SH2=0) via ESI (Vb) to relay storge unit 122 (Vr). This program shows the accumulation of 
three numbers and utilization of T field as an IN field. Also it shows that other operations are 
possible with multi word accumulation. If in this example we should use 02 for OP2 then T 
field would be an OUT field. In that case the terms selected by P, Q, R T (OUT field) and U 
fields would be accumulated and their result stored in the unit selected by V field. A single 
line of sequence thus may call for successive accumulation of a maximum of five numbers. If 
it is desired to accumulate more than five numbers, two or more lines of sequence may be 
used. In that case, V field of each line except the last line will be left blank and will act as a 
skip field.' The V field of last line will be the IN field to store the result of accumulation and 
its sign. Obviously, any number of terms may be accumulated successively and directly in this 
manner. 
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XII 

MULTIPLICATION 

If the code number in OP field is 10, multiplication without half correction is called for 
and if it is 15, then multiplication with half correction is ordered. A maximum of two 
multiplications can be ordered by a complete line of sequence with each multiplication in one 
half lines. An example of SI Seq. of data calling for multiplication without half correction is 
given below: 

SI Seq. Ps Pr Pb Qs Qr Qb Rs Rb Rr SHI OP1 SI 

1 1 017 2 2 158 4 3 139 0 10 01 

The above program calls for a number from relay storage unit 01 (Pr) to be sent to ESI 
(Pb) and thence to the MD unit (multiplying and dividing unit) to serve as the multiplicand 
and for the "-" operational sign to be applied to the sign mixing circuit; for the number from 
storage unit 158 (Qr) to be sent to ES2 (Qb) and from there to the MD unit to serve as 
multiplier and for the " + " operational sign to be applied; the product to be noted through the 
denomination shift unit without column shifting and to ES3 (Rb) and transmitted from there 
to relay storage unit 139 (Rr) with the sign of the product being determined by the sign 
mixing network. 
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XIII 

DIVISION 

The code number 20 in the OP field calls for division without half correction which may 
be ordered by a half line of sequence. The code number 25 in the OP field calls for division 
with half correction of quotient. A sample half line of S2 Seq. for a division without half 
correction is, 

S2Seq. Ts Tb Tr Us Ub Ur Vs Vb Br SH2 OP2 S2 

2 1 151 1 2 142 4 130 136 9 20 02 

This program instructs the machine to take the divisor from relay storage unit 151 (Tr) 
and direct it via ESI (Tb) to the MD unit without sign change; to take the dividend from relay 
storage unit 142 (Ur) and bring it through ES2 (Rb) to the MD unit; to pass the quotient to 
the denominational shift unit where it shall be shifted nine places to the right (VS = 4, SH2 = 
9), and to transmit the shifted quotient to ES3 (Vb) and thence to relay storage unit 136 (Vr). 
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XIV 

COMPUTED OR MODIFIED SEQUENCE 

For some problems the course and characteristics of the calculation have no deviations, 
and pre-chosen program paths and instructions may be used. For other problems, the course 
or extent of calculations varies according to computed results and completely preselected 
sequence lines are not suitable. Because simple, computable numbers have been used as 
instructions, the lines of sequence may be computed to steer (a) the course, (b) the nature, 
and (c) the extent of subsequent calculation. In this section we will show an example of the 
first of the capabilities, computed selection of the sequence path. Let's consider a program for 
finding the square root of a number N using Newton's formula 

X(NEW)=(X(OLD)+ x( g Lp) )/2. 

As by this time we are already familiar with the way in which accumulation, multiplication, 
division, etc. are accomplished in the SSEC program, we won't discuss those elaborately. 
Instead, the terms shown in parenthesis in the program will carry the information about 
calculations in progress. 



P Q R SHI QP1 SI T U V SH2 OP 2 S2 

sbr sbr sbr sbrsbr s b r 

2 5 031 2 6 128 4 2 032 8 25 22 2 2 2 5 4 3 033 02 21 

(X(0)) N (N/X(0)) (X(0)+N/X(0)) 

2 3 2 4 614 4 5 129 1 15 22 0 0 2 5 4 1 100 5 04 21 

(X(0)+N/X(0))/2=X(N) < X(N)/10 5 =t (tolerance) 

2 5 1 4 031 4 2 034 02 22 2 1 3 2 6 3 157 9 02 21 

(X(N)-X(0))=d (difference) (t-a^'n- 1 or 

2 5 157 2 3 613 4 1 152 02 22 2 2 612 2 5 4 4 153 02 21 

(27+5) =32 or 22 (26+5)=31 or 21 

32 

or 2 5 129 4 5 031 02 53 

22 (X(N) goes to unit 031) 

31 
or 
21 
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X(0)=X(OLD) is the first guessed square root which is preliminarily put into storage unit 
031. The first calculated approximation of square root X(N) is to be used to obtain tolerance. 
Tolerance is computed in the second half of the second line by dividing X(N) by 10 5 , which is 
equivalent to shifting it five places to the right. The second half of 3rd line computes (t-d) 
and shifts the result to the right, 19 places to discard the numerical value of the result and to 
leave the sign only, which is enough information to know whether the computed value is less 
or greater than the tolerance. The " + " or "-" sign is transmitted from ES3 to column 1 of 
relay storage unit 157, which has been preliminarily plugged so that its two halves will be reset 
and receive data independently. The constant 5 is preliminarily entered in the right hand 
column of the right half of storage unit 157 through pluggable storage. Hence standing in 157 
is +5. Pluggable storage has been preliminarily set to apply the number 27 to out bus set 3. 
The Q field of the 4th line of sequence does that. The same half of the 4th line does the 
accumulation of +5 and 27 and transmits the result 32 or 22 in relay storage unit 152 during 
the execution of the R field. During the execution of the second half of the 4th line number, 
26 is directed from pluggable storage to the ES2 and hence to the accumulator after which +5, 
which was buffered in ES5 by unit 157, is applied to the accumulator and the result 31 or 21 
is transmitted in relay storage unit 153. 

Now present in relay storage units 152 and 153 are computed SI and S2 numbers. The 
output hubs 52 and 53 of SI and S2 pyramid are preliminarily plugged to relay storage hubs 
152 and 153, respectively. During the execution of the 5th line of sequence, therefore, the 
next computed line of sequence is called out from relay storage 152 and 153 and transmitted 
to sequence storage. The computed line of sequence just transmitted comprises SI and S2 
numbers 32 and 31 respectively, if the first calculated approximation X(N) and the first guess 
X(0) do not differ from each other by more than "t." This means the square root of N has 
been calculated to the required degree of accuracy so the main sequencing path may be 
resumed for the continuation of the main calculation. On the other hand, if the computed SI 
and S2 numbers are 22 and 21, i.e., the difference d is greater than the tolerance t then the 
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iteration sequence is repeated. During the execution of the 2nd half of the 5th line the first 
calculated square root X(N) is transmitted from unit 129 to unit 031 and so has replaced the 
first guess for the next iteration sequence. 

In this manner the above loop can be run as many times as necessary to obtain a square 
root with required accuracy and when it has been obtained, the computed SI and S2 numbers 
will be 32 and 31 and will direct the calculation into the main path. Besides the modification 
of sequence codes, other modifications of the program through computation are possible. 
These include, for example, computed operation code, shift code, address code (any of the six 
"r" subfields), bus code, operational sign code. An example of each of these has been given in 
the SSEC patent. 
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XV 

TOLERANCE CHECK 

This check ordinarily serves for checking the accuracy of computations. Through 
programming, the same computation is done by two different methods and the results are 
stored and later brought to the accumulator ~ one as a negative and one as a positive number 
— so that accumulator can obtain the difference, if any, between the two computation results. 
This difference is then read out of the accumulator and re-entered therein as a negative 
absolute number. The main sequence then selects the source for a tolerance number which is 
usually set up in dial storage no. 3. This tolerance number is the allowable difference between 
the results of two computations of a particular problem. This number is entered into the 
accumulator unit as a positive number. If the tolerance number is less than the difference 
between the two computations, then the result of the comparison is negative and out of 
tolerance, and machine operation is interrupted. If the tolerance number is equal to or greater 
than the difference between the two computations then the result is positive and the scanning 
of sequences is continued. In other words, if the 29th order of the accumulator is at "0," then 
the algebraic sum of two numbers sent to the accumulator is positive, hence, in present case 
the program continues, but if the 29th order is at "9," then it is negative and program is 
interrupted. An illustrative line of sequence ordering an answer tolerance check is given 
below: 

51 Seq. Ps Pb Pr Qs Qb Qr Rs Rb Rr SHI OP1 SI 

2 3 016 1 2 137 4 1 0 02 01 

52 Seq. Ts Tb Tr Us Ub Ur Vs Vb Vr SH2 OP2 S2 

2 6 603 3 1 4 0 03 02 



SI Seq. calls for the answer relay storage unit 016 (Pr) to be sent via electronic storage 
unit ES3 (Pb) to the accumulator unit to be acted on without a change in sign (Ps is 2); the 
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answer in relay storage unit 137 (Qr) to be brought via electronic storage ES2 (Qb) to the 
accumulator unit to be subtracted (Qs is 1; which implies "-" sign of the number) from the 
number previously accumulated, and the difference will be stored in electronic storage unit 1 
(Rb), because R field is an IN field (Rs is 4). The S2 Seq. of the above line calls for the 
tolerance number, which is set from the outside to be read out (OP2 is not 01, hence T is 
OUT field) of dial storge unit no. 3 (Tr is 603) and via ES6 to the accumulator unit to be 
handled without a change of sign; the answer difference in electronic storage unit 1, (Ub is 1) 
which was stored there by R field to be sent to the accumulator unit to have its absolute value 
subtracted (Us is 3) from the tolerance number and the proceed signal will be produced (Vs is 
4), if the tolerance check (required code is 03 at OP2) finds the answer difference to be equal 
to or less than the tolerance number. 

The tolerance check can be used for some other purposes. For instance, it can be used to 
stop computations, when a table of f(x) has been computed between the limits of +0.001 and 
0.0075. To check the upper limit, the tolerance number +0.0075 may be used and f(x) value 
is subtracted therefrom, and to check the lower limit the number -0.001 is added to each f(x) 
value. This check may be made after each computation of f(x). The line of sequence is: 

51 Seq. Ps Pb Pr Qs Qb Qr Rs Rb Rr SHI OP1 SI 

16 1 012 1 2 013 4 0 03 01 

52 Seq. Ts Tb Tr Us Ub Ur Vs Vb Vr SH2 OP2 S2 

2 3 014 2 2 4 0 03 02 

The upper tolerance value +0.0075 is in relay storage unit 012 (Pr) and the lower 
tolerance value -0.001 is in relay storage unit 014 (Tr). The value of f(x) obtained from the 
last computation is in relay storage unit 013 (Qr). As the code for both OP1 and OP2 is 03, 
the tolerance check means will be used in both half of scanning sequence. At the first of 
calculating steps the entry of upper tolerance limit into ESI (Pb), the value of f(x) into ES2 
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(Qb) and the lower tolerance limit into ES3 (Tb) will be made from corresponding relay 
storage. In the second step, the upper limit is transferred from ESI to the accumulator 
without any change in the sign (Ps is 2) and the value of f(x) will be transferred from ES2 to 
accumulator with a change in sign (Qs is 1). This change in sign of one of the two numbers 
being sent to the accumulator, causes the subtraction. If the value of f(x) is equal to or less 
than the upper tolerance limit in the result of the accumulation or the number in accumulator 
is positive then proceed signal will be generated. If check result is negative then the scanning 
sequence will stop. Assuming as above, the value of f(x) is less than the upper tolerance, then 
the program will start the second half of the scanning sequence. First step of this half that the 
accumulator will be cancelled and the previous values will be cleared, then the lower tolerance 
limit will be transferred from ES3 to the accumulator without any sign change. If the value of 
f(x) is not smaller than +0.001, then the addition of this value to the lower tolerance number 
-0.001 will produce a positive number, otherwise negative. During the scanning of V field, the 
result of the second check will be tested and proceed signal will be generated if the test result 
is positive. 
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XVI 

HALF CORRECTION 

The number of digits in the product is either equal to or one less than the sum of the 
digits in the multipliers and multiplicand factors. The rounding off of a result is called for 
only in connection with a column shift to the right. The number of digits to be discarded is 
equal to the column shift to the right. The product may be a maximum of 28 digits (as 
allowed maximum number of decimal digits in both multiplier and multiplicand is 14), but the ., 
receiving unit is designed to receive a maximum of 19 digits plus the sign. Therefore, when 
the product is the full 28 digits, then at least 9 rightmost digits must be discarded through the 
operation of denominational shift. In such a case, the column shift amount will be nine and a 
shift to the right will be signalled for. The half correction or rounding off operation consists 
of adding 5 to the order of the number at the right of the rightmost digit to be transmitted 
through the receiving unit. 
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XVII 

PRINTERS 

Each of the two printers is capable of printing, on one line, the numbers stored in four 
relay storage units. For printer No. 1, the storage units are 120, 121, 122, and 123. It prints, 
on one line, either four 19-digit numbers with their four signs, or eight 9-digit numbers with 
their eight signs, depending on how these relay storage units are being used. The units may be 
filled in any order and printing may be called for upon filling the fourth storage unit by 
substituting a "6" for the "2" in the middle digit of the code number for that unit. (See Table 
3.) A line of sequence calling for printing may also include one or two calculations. The 
printer code number will always appear in the last program field that specifies entry into relay 
storage units 120-123. Consider a programming example: 

SI SEQ Ps Pb Pr Qs Qb Qr Rs Rb Rr SHI OP1 SI 

2 1 010 2 2 Oil 4 3 123 0 01 01 

S2SEQ Ts Tb Tr Os Ob Or Vs Vb Vr SH2 OP2 S2 

0 4 121 4 5 122 4 6 160 0 01 02 

This program calls for the accumulation of the number in storage 010 and 011, the transmis- 
sion of the result to storage 123, to 121 (T is an infield), to 122 and to 120 (160=120). At 
this point (Vr=160) when 160 is recognized, a printing cycle is called in to print numbers 
placed in 120, 121, 122, and 123. (This program may be used to check the relay storage 
unit.) Another printing program is: 

51 SEQ. Ps Pb Pr Qs Qb Qr Rs Rb Rr SHI OP1 SI 

0 0 0 2 1 151 6 2 161 0 02 01 

52 SEQ. Ts Tb Tr Us Ub Ur Vs Vb Vr SH2 OP2 S2 

2 3 010 2 4 011 4 5 012 5 15 02 
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In this case, the number in relay storage unit 151 is transmitted to storage unit 121 (Rr being 
161) with a shift of ten places to the right, and the printing is called into operation to print 
the numbers in 120, 121, 122, and 123. Here, if any of the relay storages 120-123 is blank, 
then the machine will print nothing for those storage. Actually this program assumes that the 
numbers are already present in storage 120, 122, and 123. The second half of the sequence 
schedules a multiplication, showing that other calculation can be performed concurrently with 
printing. Third example is: 

SI SEQ. Ps Pb Pr Qs Qb Qr Rs Rb Rr SHI OP1 SI 

2 1 101 2 2 Oil 4 3 120 0 02 01 

S2SEQ. Ts Tb Tr Us Ub Ur Vs Vb Vr SH2 OP2 S2 

2 4 121 2 5 122 4 6 163 0 10 02 

The first half of the program calls for addition of the numbers in storage unit 010 and 011 and 
entry of the sum in 120. The second half calls for the multiplication of the numbers in 121 
and 122 and entry the product into 123 (vr=163). Since, Vr is 163, the sum is 120, the 
factors in 121 and 122 and the product in 123 will all be printed on the same line. 

Comment - One discrepancy is that whenever the program calls for printing the contents of 
120-123, all are printed. No one of them can be printed individually. 
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XVIII 

OTHER INPUT/OUTPUT DEVICES 

The input data for the SSEC is entered in two ways, by punched cards or by punched 
tapes. There are two card readers each of which reads 200 eighty column cards in a minute. 
There are two types of coding provided for read out of data from cards, one that causes a read 
out followed by a card feed operation and one that causes only read out. The card readers 
deliver the numbers from the cards they read to memory units 150-154 for Reader No. 1 and 
155-159 for Reader No. 2. If only one number is to be read from a card then the other four 
memory units for that card reader are available for normal relay memory use. When certain 
numbers are required repeatedly in the course of a problem or at very close intervals or in 
great numbers, a tape is automatically prepared in advance by means of an auxiliary reproduc- 
ing punch which is arranged to read 300 cards and punch 300 lines of tape a minute. The 
punching done by this unit is checked in the same operation to give complete assurance of true 
copy of the card data on the tape. The tapes may be placed on any of the 66 tape reading 
stations (as described in Section VI). The data from the tape are read into the calculator 
directly over the main buses without the aid of special relay memory units. The operation and 
codes for addressing for tape reading have been described in the tape storage section (Section 
VI). 

When intermediate or final results or data are to be delivered as an output, they are 
supplied to the user in three ways, by printing, by punched cards and by punched tapes. The 
relay storage units and corresponding address codes for printing have been discussed in the 
printing unit section (Section XVII) for Printer No. 1. Similar coding applies for printer no. 2, 
but the corresponding relay storage units are 126-129. Even if only one number is to be 
printed, the other three storage units corresponding to that printer cannot be used as normal 
relay storage units while printing continues. The numbers stored in punched cards are usually 
final results. Eighty column cards may be punched at the rate of 100 a minute on any of the 
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two card punches. Four pairs of relay memory units are associated with each punch. Each 
pair of relays is used in an alternating mode to be described shortly. When more than one pair 
of memory unitd are used, the entry of the last number before punching is done by a sequence 
code that directs the unit to store and also initiates the operation of the punch. Results to be 
punched on cards are placed in memory units 130-133, 136-139, 140-143 and 146-149. The 
numbers which are punched in paper tapes on one of the three tape memory units are sent to 
designated relay memory units associated with each of the tape units, namely units 134 and 
144; 135 and 145; 115 and 125 for tape units no. 1, no. 2 and no. 3, respectively. The 
instruction to store in a tape memory unit causes the, tape punch on the tape unit to operate 
after the number has been stored in one of the two alternate relay memory units. While a 
number is being punched, the correct punching of the previous number is being checked 
against the number standing in the alternate memory unit. 

Thus, as we see from the above discussion, 40 units (16 units for card punch, 6 units for 
tape punch, 8 units for printers and 10 units for card readers) out of 150 relay storage units 
are used as auxiliary storage in connection with the input and output devices of the SSEC. 
The rest of 1 10 relay storage units are solely memory units. Of course, those forty units can 
also be used as memory, if programmed accordingly. Whether they will be used as normal 
memory, or for input/ output transfer is established by programming, using the sequence codes 
given in table No. III. 
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• See interpretation of field OP2. 

Note: As the sign of result is already determined, digits 0-3 are invalid in V subfield of any in field. 
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Type 

ol 
Storage 


Code 
Number 


IN lLRPRE TATION OF CODE NO. 


Relay 

Storage 

(1) 


010- 

i en 

159 


Units digit identifies one of the ten sets of relay storage 
units. The two left digits distinguish one of 15 units in the set. 


Table 

Look-up 

Unit 


281 to 
286 


Address of Table 1-6 respectively. 


TAPE 
STORAGE 

(2) 


4** 

5** 


Station tape remains at rest after being read out. 
Station tape is to be moved after read out. 


*o* 

* j * . 
*2* 


IDENTIFIES BANK 1 


ODD UNITS ORDER DIGITS 
RELATE TO ASS RELAYS, 
EVEN UNITS ORDER DIGIT 
RELATES TO BSS RELAYS. 


*3* 
*4* 

*5* 


IDENTIFIES BANK 2 


*6* 
*7* 

*g* 


IDENTIFIES BANK 3 


Dial 
Storage 


603 


Address of dial storage no. 3 (3) 


Pluggable 
Storage 


610 to 
609 


Address of ten units of pluggable storage. 



(1) For special use of relay storage, see Table 3. 

(2) See Section VI also. 

(3) Dial storage no. 1 and no. 2 are used for artificial line of sequence. 

TABLE 2 

INTERPRETATION OF STORAGE CODES 
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I/O DEVICE 



NORMAL 
RELAY 
STORAGE 
OPERATION 



CODES USED 



I/O 

TRANSFER 



ALTERNATING STORAGE 



NO I/O 
TRANSFER 



I/O 

TRANSFER 



1. CARD READER #1 

2. CARD READER #2 

3. CARD PUNCH #1 

4. CARD PUNCH #2 



150 - 154 

155 - 159 
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This, invention relates to a computing appa- 
ratus, particularly one of the super-calculator 
class, animcrre particularly; one which is directed 
by program-means. 

A programmed super-calculator has been dis- 
closed in application Serial No. 576,1392 of 
C; D: Lake et al., filed. February 8, 1945,, now Pat- 
ent No. 2,616,626. 

The general" objective of the invention is the 
provision of a calculator which is superior to the 
calculator disclosed in the above identified appli- 
cation, as well as to other calculators in many 
respects', including speed, flexibility,, memory and 
productive capacity, and programming ability. 

An outstanding object of the invention is to 
provide a calculator including units which per- 
form their internal operations independently but 
are, tied together externally by interchange of 
electric signals. According to the invention cal- 
culator elements are brought into operation con- 
currently or successively and by signal crosswalk 
among the elements arrived without collisions at 
desired calculation destinations. 

The invention provides for interchange of sig- 
nals among memory units, sequence means, and 
calculation units to control the transfer of data 
from memory to calculator units, performance 
of 1 calculations and transmission of calculated 
results to memory in a directed interlocked man- 
ner. According to the invention, operations of 
calculator units may overlap and yet be directed 
to desired intersecting ends by signal cross-talk 
among the. units.. 

According to- the invention, cycles of operations 
involving transfer of data from memory to cal- 
culation, units, performance of. calculations on 
received data and transmission of results to, 
memory are not carried: out in. fixed: cyclic times, 
but are effected in sequence runs of variable 
durations, determined by signal crosswalk among 
the calculator units. 

The invention provides machine sequencing 
means having successive runs, producing in each 
run signals to initiate machine operations and 
which may hegin a new run before all the op- 
erations initiated in the previous run are com- 
pleted. In particular, the invention, provides for 
selection of memory units to read out data be- 
fore calculations, on data previously received 
from. memory have been completed or before the 
results; of these, calculations have been transmit- 
ted! to memory. The invention also provides for 
entries of : 6M» ftorn, selected memory units, into 
a calculator section to be niad'e before, the calcu- 
lator, tr^smlts, the, results, of, calculations on 
previously entered data to memory units of while 



such transmission is taking place. With respect 
to any memory unit selected to send data to the 
calculator section and to receive the result of 
the calculation, the invention provides for a sig- 
nal interlock to indicate when the unit has com- 
pleted reading out its data and to then allow 
the unit to be conditioned to receive data. 

According to the invention, data may be en- 
tered into a calculator section and a calcula- 
10 tion performed thereon while the result of a 
previous calculation is still in the calculator sec- 
tion or before or during the transmission to a re- 
ceiving unit of the result of the previous calcu- 
lation. 

15 The invention provides for automatic signal 
control of single-timed electrical transfer of data 
between calculator units. 

The invention also provides for an automatic 
resetting of a data receiving unit as an accdm- 

20 paniment to application of new data to said unit. 
Stated otherwise, each time entry into a unit is 
called for, the unit will be cleared for reception 
of the new data as a result of receiving a reset 
signal either simultaneously or just before the 

25 entry signal is applied to the unit, and automatic 
sequencing of the reset and entry signals will 
occur. 

Another outstanding object of the invention is 
the provision of a program means for a calcu- 
lator apparatus which is more flexible and se- 

30 lective and of greater capacity than previous 
program means. 

The invention provides for the programming 
of the program means itself. More specifically, 
the derivation of program data from a source 

33' may. be programmed by means controlled by 
other program data. According to the inven- 
tion, the program data, may be obtained from 
different sources and the application of program 
data from one source to a programming device 

40 may be programmed by and according to pro- 
gram data in another source. Further, the in- 
vention provides for program means to receive 
program data and to control according to air 
item or items of the program data the selection 

45 of. future program data from the same or an- 
other source. Stated differently, certain program 
devices have program data applied thereto to de- 
termine calculation programs and other program 
devices have program data applied thereto to se- 

50 lect subsequent program data to be applied to 
the.program devices. 

Still another outstanding, feature of the in- 
vention is the computation of sequence data. Ac- 
cording to the invention, the program data are 

S3 numbers which can be modified, enter into cal- 
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citations and. bp derived from calculating means. 
The nroPTam data are arranged in sets of in- 
structions for section of remnrv units to send 
0"t data, to receive data, of calculator units to 
perform calculations, selection of channels of 
communication between memory units and the 
calculator section. seipctfon of operational signs 
for numerical data, to be used, in calculations, se- 
lection of amcnts and directions of column- 
shifting of results to be effected by a column- 
shifting unit, and of the source for the nert set 
of program data. The invention nrovides for 
comnutattons of any one or more of these pro- 
gram instructions. 

An obiect of the invention is the nrnvision of 
means for shifting the columnar relation of a 
number being sent from one unit to another 
through a number of columns selected bv nro- 
gram data. Further, the invention provides a 
column shift means which may shift a number 
to the rieht or to the left as directed by program 
instructions. 

Among manv other obiects of the invention 
are: the provision of means to direct entries of 
data from memory units to a calculator sec- 
tion and to produce an entry completion signal 
which notifies sequencing means that it may pro- 
ceed to initiate subsenuent entries: the provi- 
sion of means for directing transmission of data 
to memory units and production of a signal noti- 
fying the senuencing means that transmissions 
have been comoleted and that it mav proceed to 
initiate subsequent transmissions; the provision 
of multiple program units for alternately re- 
ceiving program data and alternately coacting 
with the seauencing means in operating the cal- 
culator apparatus through the programs defined 
by the program data; the provision of means 
for directing data to be read out of record ma- 
terial and moving or not moving the record ma- 
terial after data have been read out in accord- 
ance with the conditioning of move circuits for 
resoonse or refection of move signals; the pro- 
vision of signals from memory units notifying 
the sequencing means that they are ready to 
send forth or to receive data; and the provision 
of recording means controlled by program data 
to record data after transmission of data to 
memory units which read out their data to the 
recording means. 

Other objects of the invention will be made 
clear in the general and detailed descriptions of 
the machine and be understood from the claims. 

1. A brief outline of the machine 

Fig. 1 is a schematic diagram of most of the 
units of the machine and of their relationship. 

A calculator section composed entirely of elec- 
tronic circuits and devoid of moving parts has 
three calculator units, an accumulator, a multi- 
plying and tiividing unit (MD) , a denomina- 
tional or column shift unit. These coact with 
eight electronic storage units which have inde- 
pendent inputs and outputs in addition to the 
In and Out connections to the calculator sec- 
tion (see Pig. 20). The units of the calculator 
section are in communication through a single 
data channel, called the Internal bus sets and 
which may be considered as having an Out side 
from which data flows through an amplifier to 
an In side. All numbers to be used in calcu- 
lations are transferred from selected memory 
units through eight selective channels called 
Out bus-sets to the eight electronic storage units, 
respectively and then called out one at a time 
from the latter units to the selected aceumu- 
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lator unit or the MD unit. All results obtained 
by the MD unit and the accumulator unit are 
sent to the denominational shift unit and after 
being shifted a desired number of places to the 

5 right or to the left are sent to selected electronic 
storage units. The results may then be trans- 
mitted from the electronic storage units to se- 
lected memory units by way of eight selective 
channels called In bus-sets. The electronic stor- 

10 age units may be called rapid transit data mem- 
ory units since numbers may be entered therein 
at the speed of operation of electronic elements 
and read out therefrom in a similar way. Sig- 
nals for controlling entries and transmissions 

15 from the eight electronic storage units are pro- 
vided by eight associated pilot units which are 
composed of electronic circuits. The pilot units 
and other parts of the machine are sequenced 
by a main commutator. Associated with the 

20 main commutator is a control frame for produc- 
ing delayed control signals and performing other 
operations in a sequence determined by signals 
from the main commutator. Also associated 
with the main commutator are calculation con- 

25 trol commutators. These are the ACC.C com- 
mutator controlling the accumulator, the MYC 
commutator controlling the MD unit to carry 
out a multiplication, the DVC commutator con- 
trolling the MD unit to perform a dividing oper- 

30 ation, and the NO commutator which is used in 
skipping operations when no calculation is 
called for in a sequence run. 

Each number entering into a calculation is 
accompanied by a sign and when the number is 

33 applied to a calculator unit an operational sign 
is also applied to the unit. The operational 
sign determines whether the number sign is to 
remain the same for the calculation or is to be 
inverted to the opposite sign or is to be ig- 

40 nored and the number treated as an absolute 
positive or negative quantity. The operational 
sign Is sent to the calculator section from an 
operational sign commutator sequenced by the 
main commutator. 
Memory units include 150 relay storage units 

45 which have relay input and output gates through 
which data may be sent into or out of the re- 
lay storage units. There are dial storage units 
which may be manually set and which may send 
out data when relay output gates are closed. 

50 Pluggable storage units also may read out num- 
bers to the selected Out bus-sets when related 
relay output gates are closed. Memory also in- 
cludes three banks of record stations each bank 
having ten stations which may individually carry 

55 record tapes on which data are represented to 
be read out through selected relay gates. The 
record or tape storage banks also may receive 
punched tapes from punch units which will not 
be discussed further in this application. Mem- 

60 ory also includes record or tape sections in a 
table look-up unit which is per se the subject of 
application Serial No. 768,600, of F. E. Hamil- 
ton et al., filed August 14, 1947. Computed ar- 
guments may be entered through selected re- 

65 lay gates into the table look-up unit and select- 
ed functional values read out of this unit, also 
through relay gates. 

Numbers may be recorded by punching or 
printing. In the present application only one 

70 of the printer units will be described. Numbers 
which are to be printed are first sent to assigned 
relay storage units from which thev are applied 
to the printing unit during a print cycle. 

The interplay of the various units of the ma- . 

75 chine is controlled by program means. The pro- 
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gmxa. means- includes two identical units, called 
the A and B sides, of sequence 1 storage: Program; 
data. are alternately entered into the A and B 
sides of sequence storage and these sides alter- 
nately- coacfr with; the- sequencing: network, which 
includes the main commutator, control: frame; 
c alcu lation control: commutators NO;. ACCiC, 
MTC, and. DVC, the - pilot units- and; the: opera- 
tional sign commutator. The sides of sequence: 
: also- control- the operation of; the: desired 
between* memory units' and; the: Out bus- 
sets and m bus-sets according' to- program, data: 
applied to the sequence: storage sides: Program:: 
data may be; derived: from- any : of the" memory 
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11,000 accumulations;. 900ft multiplications, and 
2000 references to the tables in. the table look-up 
means were done in about 7 minutes. 

Memory units, except pluggable storage; but in- 
cluding electronic storage units; have a capacity? 
of; 19" digits and: a sign in each unit.. The - ac- 
cumulating unit may add or subtract 19-diigit 
numbers and produce sc. 28-digit result and its 
sign in less than %ooo of a second. The MD unit 
may multiply two 14-dig:t numbers and produce 
a 28-digit product and sign in about of aaec 
onfli. Division of one 14-digit: number by another 
may produce a 14-digit quotient in about %o of a 
second: Division may be carried out to as: mans* 



unite as selected by program instructions and. 15 as 28 quotient digits.. Results to 28 digits may 
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may also be calculated. All program: data' ex* 
cept the First artificial line are routed: through 
selected electronic storage units to sequence star* 
age. 

When a memory unit, is ready to send forth 
data it applies a Forward signal to a pilot unit 
selected by a program instruction. When a; 
memory unit or the printing unit is ready to re- 
ceive data it sends a Back signal to a selected 
pilot unit. The blank, code pilot unit comes into 
play when the program data* does not select a 
pilot unit which, is associated with; an electronic 
storage unit. 

The. sequencing network performs successive 
runs of coaction with the sequence storage sides; 
Ih each run it sends signals to the pilot units to" 
control its application of signals to the electronic 
storage units. Whenever the pilot unit enters 
data into an electronic storage- unit it sends out 
a Move signal which may act on a selected tape 
storage station if the station is, selected by the 
program to respond. The responsive station is 
one which has acted tb read out' data and it is 
conditioned to advance or not advance the record 
tape at the station upon receiving the Move sig- 
nal. Whenever a memory unit is selected to re- 
ceive data it receives a Reset signal from a se- 
lected, pilot unit when the pilot unit is signalled 
by the sequencing network to send forth the sig- 
nal; The main commutator and the related pilot 
units interchange signals which determine the 
progress of a sequence run. There is also an in- 
terchange, of signals among the calculator units 
and the calculation control commutators and 
the main commutator. 

By sequencing the multiplying and. dividing: 
unit MD and the accumulator through the four 
basic calculations of addition, subtraction, mul- 
tiplication and division, the most complicated of 
mathematical problems may be solved. A se^ ■ 
quence of the machine through one or more of 00 
these calculations performed in any order may? 
be called a calculation path. 
" A main pulse generator is provided for apply- 
ing pulses to the main commutator, the pilot units 
and other electronic circuits. This main pulse 
generator is shown in Fig. 18 and discussed in 
Section 4 and is per se the subject of application 
Serial No. 71,502 of P. E. Fox, filed January 18 
1949; 

A control desk is provided with switches and 
dials which may be manipulated to simulate the 
automatic controls of the machine. Before start- 
ing operations, cancel circuits for desired units 
of the machine, including the main commutator, 
pilot units and other units, may be established 
under control of switches at the control desk. 

The speed of the machine may be gauged from 
the fact that in the moon problem to compute 
the position of the moon at any given time — 



be. read from, the accumulating unit or the MD 
unit: into the column- shift unit and: a maximum-, 
of 19 digits may be read out of theshift unit into 
electronic storage. 

The multiplying: and dividing: unit is the sub- 
ject of application Serial No. 71,641 of B E . Phelps 
and G. E. Mitchell, filed January 19, 1949, now 
Patent No. 2,604,262;. 

Certain: elements of the print unit are claimed 
25 in application Serial No. 70,575 of F. E. Hamilton; 
filed January 12, 1949; 

Other objects of the invention will be pointed 
out in the following description and claims and 
illustrated in the accompanying drawings* which ; 
so disclose, by way of example, the principle of the 
invention and the best mode, which has been con- 
templated, of applying that principle. 
In the drawings: 

Fig. 1 is a diagrammatic: chart of the parts of 
n- the machine disclosed herein. and; shows in a gen* 
eral way the associations among, these parts; 

Fig. 2. is a fragment, of a. value tape used in 
tape storage and in the table look-up unit.. 
Fig. 3 is. a fragment of a program tape bear- 
40 ing successive left-half lines of sequence, data. 
Fig. 4 is a fragment of a. program tape- bearing 
successive right-half lines of sequence data. 

Fig. 4a shows the code used for designating 
numbers on the record tapes. 
Fig. 5 is a partially sectioned side view of a 
4o tape station in a tape storage bank.. 

Fig. 6 is a rear elevational. view of the tape 
station. 

Fig. 7 is a section on line 7— 7 of Fig. 5. 
Fig. 8 shows the upper portion of Fig. 7 with 
&0 part? ih a different position. 

Fig. 9 is a semi-diagrammatic chart, of tape 
stations in a tape storage bank, showing the, 
drive for these stations. 

Fig. 10 shows a typical trigger circuit used 
herein; 

Fig, l Oiz' is a block-symbol, of the trigger circuit 
Fig; II shows a typical triode circuit switch, 
used herein. 

Fig; 11-12 is a block symbol of the triode circuit 
switch and also of the tetrode circuit switch. 

Fig. 12 shows a typical' tetrode circuit switch 
used herein. 

Fig. 13 shows a typical pentode circuit switch, 
employed herein. 

Fig: 13a is a block symbol' of the pentode cir- 
cuit switch. 

Fig. 14 shows a typical circuit of the so-called 
lock couple, constituting another form, of elec- 
tronic switch. 

Fig. 14a- is a Mock symbol of the lock couple. 
Fig. 15 is a partially diagrammatic view of a 
register order. 
' Fig: 15a is a block diagram used herein to rep- 
resent the register order. 
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Pig. 16 shows a typical cancel circuit used for 
resetting trigger circuits. 

Pig. 17 shows the block diagram of the cancel 
circuit and also shows connections of the cancel 
circuit output to triggers. 

Fig. 18 is a diagrammatic circuit view of the 
main pulse generator system. 

Pig. 19 is a timing chart relating to the main 
pulse generator. 

Pig. 20 is a diagrammatic showing of the elec- 
tronic calculating section. 

Pig. 21 shows in block circuit form a column 
of electronic storage the two sets of entry and 
exit means associated therewith and also the pilot 
signals for controlling a column. 

Pig. 22 shows several of the electronic storage 
units and their associations with the In and Outs 
bus-sets with the Internal bus-sets and also the 
pilot signals for controlling the units. 

Fig. 23 is a diagrammatic circuit representa- 
tion of a dial storage set. 

Pig. 24 is a block circuit view of a column of 
the denominational shift unit. 

Pig. 25 is a diagrammatic representation of 
the denominational shift unit. 

Fig. 28 is a timing chart of operations con- 
cerned with a denominational shift. 

Pigs. 27a, 276, and 27e represent the circuit of 
the internal commutator or sub -sequencing 
means of the denominational shift unit. 

Fig. 28 is a diagrammatic view of relay storage 
sets or groups, each with fifteen relay storage 
units. 

Fig. 29 is a circuit showing of parts of a relay 
storage unit and their connections to the In 
and Out bus-sets. 

Fig. 30 represents a plugboard for a relay stor- 
age group. 

Fig. 31 is a diagrammatic representation of a 
tape storage bank and its associated station se- 
lectors, plugging, and Group Outs. 

Pigs. 32a, 32b, and 32c represent the circuits 
relating to a tape storage bank: 

Pig. 33 is a timing diagram of timers 1 and 2 
of Fig. 32b. 

Fig. 34 represents the plugboard associated 
with a tape storage bank. 

Fig. 35 is a . diagrammatic circuit showing of 
elements of the table look-up unit. 

Fig. 35a is a flow chart of the table look-up 
unit. 

Fig. 35b shows the circuits for controlling the 
production of Forward and Back signals of the 
table look-up unit. 
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Fig. 36 is a circuit showing of elements of 55 the operational sign. 



Pig. 43 is a similar view relating to the right 
half of a line of sequence. 

Fig. 44 shows the internal circuit of a "zero- 
filter." 

5 Fig. 45 is a circuit showing of a code trans- 
lating circuit called a tree. 

Fig. 45a is a block symbol of a tree. 

Pig. 46 is a circuit showing of a so-called OP2 
tree. 

10 Pig. 46a is a block diagram of the OP2 tree. 
Fig. 47a is a diagrammatic representation of a 
pyramid of trees in sequence storage for picking 
up relay storage Group Outs. 
Pig. 47b shows sequence storage pyramids for 
15 table look-up Group Outs and for tape storage 
Group Outs. 

Pig. 47c shows sequence storage pyramids for 
station move relays and for dial storage Group 
Outs, and Table Outs. 
20 Pig. 47a" shows sequence storage pyramids for 
station selector relays ASS and BSS of tape 
storage. 

Pig. 48 is a diagrammatic representation, par- 
tially in circuit form, of sequence storage pyra- 
25 mids for picking up relay storage Unit Outs. 
Pig. 49a shows elements of the relay storage 
Group Out pyramids relating to the Ave pos- 
sible Out fields of a line of sequence. 

Fig. 49b shows the pyramids for controlling 
30 tape storage Group Outs from all possible Out 
fields. 

Fig. 50 represents the pyramids operated in 
sequence storage in accordance with the code 
number in the SI or S2 field of a line of se- 
35 quence. 

Pig. 51 represents sequence storage pyramids 
for operating relay storage Group Ins and table 
look-up Group Ins. 

Pig. 52a represents sequence storage pyramids ; 
for operating relay storage unit Ins 010 to 099, 
and also for operating table look-up relays TLl 
to 6. 

Fig. 52b shows sequence storage pyramids for 
operating relay storage unit Ins 100 to 159, and 
45 also shows a circuit controlled by sequence stor- 
age and pilot units for applying a start signal 
to the printer unit (Sections 22 and 22a) . 

Figs. 53a, 53b, and 53c represent the plug- 
boards associated with sequence storage. 
50 Figs. 54 to 53 show the sequence storage pyra- 
mids for the pilot units selection. 

Fig. 59 shows the sequence storage pyramids 
relating to the OP I and OP2 fields. 
Fig. 60 shows the sequence storage circuit for 



sequence storage and their heating relays. 

Fig. 37 shows the circuits of intermediate re- 
lays of sequence storage. 

Fig. 38 is a block view of the intermediate re- 
lays for storing sequence instructions given by 
the left half of a line of sequence. 

Pig. 39 is a similar view of the intermediate 
relays controlled by the sensing of instructions 
given in the right half of a line of sequence. 



Fig. 61 shows the sequence storage circuit for 
the In Code control. 

Fig. 62 shows the sequence storage circuits for 
the SH I and SH2 denominational shift selection. 
60 Fig. 63 shows the sequence storage circuits 
for the Q, R, U , and V shift selection. 

Figs. 64a to 64? represent the circuits of the 
multiplying and dividing unit MD. 
Pigs. 65a to 65A: represent control circuits of 



Fig. 40 diagrammatically shows dial switches 65 the multiplying and dividing unit 



for setting up an artificial line of sequence (see 
Section 165) . 

Fig. 40a shows the circuit control relays for 
bringing the circuit of Fig. 40 into operation. 

Pig. 41 shows the circuit of a few of the opera- 
tional relays in sequence storage. 

Pig. 42 is a block diagram of the operational 
relays for storing the left half of a line of se- 
quence. 



Pig. 66 is a timing chart, showing the primary 
cycle of the multiplying and dividing unit. 
Pig. 66A is a chart of the relationship of the 
7Q Internal buses to the multiplicand and divisor 
register orders and to the dividend receiving 
orders of the result register orders; the chart 
also indicates the relationship, in different col- 
umn shift positions, between the two registers. 
75 Pig. 67 is a timing chart relating to controlling 
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and controlled operations of the multiplying and 
dwiding unit. 

Fig. 68 aiustaates by an example the principle 
of -dividing used herein. 

SEi»s. i69a and 89b represent the circuits of the 
first amd second orders of the :accumulator mnit. 

Fig. 30 is a block diagram of the registers iin 
the accumulator unit. 

Pigs. '7>la -to -Tiff .represent the circuits of the 
internal commutator or the sub-sequencing 
means of 'the accumulator unit. 

Fig. 72 is a timing chart, Showing the.aceumu- 
lator <cycle. 

Fig. 73 is a timing chart, showing the -various 
signal times relating to the 'accumulating 'Op- 
eration when the result is positive (upper part of 
the figure) and also when the result is negative 
Oewer part of the figure) . 

Fig. 74 is a timing chart indicating the half 
eorroction sequence in the accumulator opera- 
tion. 

Figs. 75a to 75ft. -represent 'the circuits -of -one 
portion of the Control Frame, this portion 
mainly involving -various -delay circuits -and also 
heating -control circuits -for sequence storage. 

Pigs. 76a to 76ff represent the circuits of an- 
other -portion of "the -Control Frame, this portion 
mainly involving heating control -circuits for the 
pilot -units -selection pyramids shown -in Figs. 64 
to 68. 

Figs. 77a -and -77d represent circuits of -a third 
portion of -the -Control Frame, this-portion mainly 
involving Start, Stop, Drain eireuits, also vari- 
ous circuits 'for -controlling calculation control 
commutators, -and -also amplifier -and inverter 
circuits for sequence storage control relays. 

Figs. 77«a shows parts of some circuits operated 
at-ttie-control desk. 

Figs. 78a to 78fc represent the circuits of the 
main commutator. 

Fig. '78L, in -the "Be -portion, represents the 
circuits of the blank code pilot unit, and, in -the 
OPSN section, -represents the circuits of -the 
operational sign routing . elements. 

'Fig. "78 A -represents the circuit of the accum- 
ulating calculation control commutator. 

Fig. ?8D . represents the circuits of the divid- 
ing -calculation control commutator. 

.Fig. .7J}M represents the circuits of the multi- 
plying calculation-control commutator. 

Figs. -79a to 'T9& and -795b constitute ,,a flow 
diagram of operations described Jn /Section; 16b. 

Figs. .80a to 80e represent the circuits of a 
pilot unit. 

.Figs. .81a and 81b show, in bloqk form, pilot 
units;! audi of the group of eight pilot units. 

Fig. 82 is a vertical, sectional view through the 
printing unit. 

"Fig. 83 shows {the drive and clutch ■.means .for 
the main shaft of the printing unit. 

Fig. 84 shows three different positions of the 
cairy-rzero levers of the hammer latches in the 
printer unit. 

.Fig. 85 is* perspective view, of, a pair-of , ham- 
mer.latches and.of associated carry-?eroievers. 

,Fig..86 is a timing chart for the printer unit. 

Fig. 87a represents the circuit of the printer 
unit. 

.Fjg.>87b.represent«s readout cir.cuits ifor rcadipg 
QUt.a number, from a relay storage unit into the 
printing -iunit. 

fig. ,88 shows .the sequence, storage pyramid for 
PiugsaWe,sioi^e f ^lection relays. 

^ig.^9j;epresenta .typical cirfiHi.ts;apdcth.e ; R}Mg- 
board jwbictfi, constitute plugsable, ; 6tfiEajte. 
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Fjg. 90 <Sb ;a plugging di&garam relating to .Case 
% discussed in . -Section '24. 

Fig. flOa is an additional .plugging diagram re- 
lating to : an alternate step .in ease i. 

Figs. 91 .and 92 show plugging used for Case 4 
discussed in Section 24. 

Fig. )93 shows plugging -for Case : 5 .discussed in 
Section 24. 

Fig. 94 jshows plugging for .Case 6 discussed in 
Section 34. 

2. The record tapes 

aSho Machine -.uses & large &UE(bber of record 
tapes which -may be used ; tp iStore lvalues either 
■Ifer coonjpilfttiojial purposes (see Fig. 2) or -for 
program ^ Xsee Figs. 

90»&®.- Sequence data is made up of numbers 
Which saji be banded the same as numbers in- 
volved jn $ oaleulatton. Those tapes which : storo 
yaljies ,f or computation may be called value tapes 
to dtaerdsptiato them jErom -program tapes which 
bear programming. or sequencing data. The pro- 
gram tapes are the main sources of sequence or 
program information according to which the ma- 
chine is controlled to perform the desired op- 
erations in the desired sequences. 

.As imany -as thirty-six tapes may be installed 
at tape stations in the table look-up section ( see 
Fig. J5) -which is -the subject-matter of applica- 
tion -Ser. No. 7.68.600, of F, ,§:, Hamilton et al., 
filed August 13, 1947. Thirty tapes jmay be fa 
stalled in the tape .storage .section which -com- 
prises three similar hanks l, ;2,^d ;3 of ten tape 
stations each <see Figs. 1, 9, and 3D. Whether 
a tope .is used for -storing numbers to enter into 
a computation or to represent ,sequence data, 
the namb^rsiaije punched according jo the same 
cpde, jpjseferably the .binary -Jterm code (see Fig. 
4a) jn which ;a.comPleteibinary,zone ; iSjmade up 
of : f our successive binary positions 8, 4, 2, and 1. 
Since the ooded representation of a decimal no- 
tation digit is contained in suqh ?»ne, it is con- 
venient to refer .to the gones -&s rcglumns. One 
or more number signs may also be represented 
along a designation Uae. aa. half -.zone ; or half- 
column containing binary /positions 2 and l is 
sufficient for a sign representation. The desig- 
nation 1 in a half roolumn represents — and the 
designation ;2 represents „+. ; Also, with respect 
to a sign field in a program tape, 0 (no perfora- 
tions) incthe signifield.and-8 (the 2 and 1. perfo- 
rations) represent other sign functions which 
will be explained in the next section. 

The record ;tape has the width of a standard 
80 index .position card but owing to the space 
ocqupiedibysthe imaijginal ieed;holes,,only 78 in- 
dex ipositions:aro allowed for. In other words, 
the tape has -.a, capacity .of nineteen-:and-:a-half 
digit;OpluiH^.,0r ; gi^ 

if -desired, iwith -representations, of nineteen f deci- 
mal notation digits -and sign. -This, if desired, 
may be rdesignated as <a '"word:" Obviously, the 
arrangement of numbers and signs within a des- 
ignation line may vary according to require- 
ments. 

iEaeh .record .tape .is preferably 'joined .at the 
ends to form j& continuous loop. The tape is 
interchangeably positionable at any of the tape 
stations ■wmchwih:!be,,describedin:Section2b. 

2a. The program tapes 

FrpgrammingroriSeilueiiciijg -gej^hfoefOjagitt-, 
tiora, is. controlled^ 

iHustsatiye portions of which ^ppear in Figs. ,3 
and ,4. ^cessiyo d^sig^^ 
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gram tapes bear sequence data which may be 
referred to as an Instruction "word" or as Seq 
data. A complete line of Seq data is made up of 
two designation lines respectively of a pair of 
program tapes. One half of the line of Seq data 
or one "word" is a designation line of one tape 
and the other half is a designation line on an- 
other of the tapes. The halves of Seq data 
may be differentiated as the SISeq and S2Seq 
portions. A program tape will be punched either 
with SISeq data or S2Seq data. Both portions 
JLISeq and S2Seq are similar with respect to the 
arrangement of fields and subfields but have cer- 
tain differences with regard to programming 
functions. The SISeq portion is made up of 
fields P, Q, R, SH I , OP I and S I . The S2Seq por- 
tion is made up of fields T, U, V, SH2, OP2, and 
S2. The fields Q, R, T and U may be used either 
as In or Out fields. Field P is always an Out 
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as the subfleld Ps. Additionally, any of these 
designations in Qs characterize field Q as an 
Out field. Any digit in Qs higher than 3 char- 
acterizes the Q field as an In field. Besides 
characterizing the Q field as an In field, digits 

4 to 9 variously designate the tens denomination 
digit representing of a column shift amount and 
whether a shift is to be executed to the left or 
to the right by the Denominational Shift Unit 
(Section 12) . Digit 4 in Qs thus designates the 
Q field as an In field and also calls for a shift 
to the right with a zero tens order shift. Digit 

5 in Qs calls for a shift to the left with a zero 
tens order shift. Digit 6 calls for a shift to the 
right with a tens order shift of 1. Digit 7 calls 
for a shift to the left with a tens order shift 
of 1. Digit 8 calls for a shift to the right with 
a tens order shift of 2. Digit 9 calls for a shift 
to the left with a tens order shift of 2. The 



field and field V always an In field. An Out 20 units order shift amount is given by program 

field is one which calls for the reading out of fleld SH '- 

data from a selected source into a selected elec- Subfleld Qb is a single binary zone, in column 

tronic storage unit (see Section 6) by way of the 7, and is used to designate the electronic storage 

Out bus-set fixedly associated with the electronic u 1 "* to send out or receive a number, depending 

storage unit. An In field is one which calls for 25 on whether field Q is an In or an Out field, re- 
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spectively. 

Subfleld Qr is located in columns 8, 9, and 10 
to represent the source from which a number 
is to be sent to the electronic storage unit if 
the field Q is an Out field or to represent the 
receiving unit to which a number is to be trans- 
mitted from the electronic storage unit if the 
field Q is an In field. 

Field R is contained in columns 11 to 15, and 
its subfields are similar to field Q and its sub- 
fields. 

Field SHI is in column 16, and, as already 
stated, designates the units order amount of col- 
umn shift to be executed by the Denominational 
Shift Unit (Figs. 24 to 27c). 

Field OP I is a two-column field, columns 17 
and 18 which designate the fundamental cal- 
culating operations to be performed. The fun- 
damental operations to be considered in this 
case are accumulation, division, and multiplica- 
45 tion. 

The field SI is a 2 -column field, columns 19 
and 20, which designates the source for the next 
left half line of sequence data. 

The right half line of programming S2Seq is 
similar to the left half line SISeq and the fields 
and subfields of the two half lines generally cor- 
respond to each other. 

As mentioned before, V is always an In field 
while P is always an Out field. 

The field T may be either an In or an Out field 
depending on the code in the field OP2. When 
the latter field has the designation 01 it char- 
acterizes field T as an In field. In all other 
cases, the field T is an Out field. 

2b. The tape stations 

Fig. 9 indicates the arrangement of tape sta- 
tions of a tape storage bank. Either a value 
tape or program tape may be installed at a sta- 
tion. Figs. 5, 6, 7 and 8 provide a detailed il- 
lustration of a tape station all of which are of like 
construction. Drum 1 1 at each station has mar- 
ginal feed pins I lj> to mesh with the feed aper- 
tures of a tape for feeding it upon rotation of 
the drum. The drums 1 1 at the plurality of sta- 
tions are individually clutchable to continuously 
rotating drive means which may be driven by 
an electric motor MRT. Shaft 16 represents a 
continuously turning shaft of the drive mecha- 



transmission of data from a selected electronic 
storage unit and along the corresponding In bus- 
set to a selected receiving means. Each of the 
fields P, Q, R, T, U and V is divided into three 
subfields generally designated s, 6, and r. The Ps 
subfleld comprises column 1 which is actually a 
half -column with binary positions 1 and 2, and is 
used to designate the operational sign which is 
to be applied to a number read out from a selected 
source. The Pb subfleld is the single column 2 
which may be punched with the binary terms rep- 
resenting 1, 2, 3, 4 ... 7 or 8, designating the 
electronic storage unit and corresponding Out 
bus-set involved. The Pr subfleld is made up of 
the three columns 3, 4 and 5, bearing the hun- 
dreds, tens and units digits of the code number 
for the source from which a value is to be trans- 
mitted to the electronic storage unit named in 
subfleld Pb. 

Further considering field Ps, a perforation in 
binary position 2 represents the operational + 
sign. This means that the number taken from 
the source named in Pr is to be handled in a cal- 
culation without any change in its sign. A per- 
foration in binary position 1 of Ps represents the 
operational — sign and this calls for the num- 
ber to be operated upon with an inversion in Us 
sign. The absence of a perforation in Ps repre- 
sents 0 which is the designation in this field for 
the operational fixed + sign. This means that 
regardless of the original sign of the number, it 
is to be treated as a positive number. Digit 3 
in Ps, represented by perforations in binary po- 
sitions 2 and 1 of Ps, is the operational fixed — 
sign which calls for treating the number as — , 
regardless of its original sign. 

When a subfleld b in a program field P, Q, R, 
T, U or V is blank, it represents 0 and calls for 
the field to be, in effect, skipped over during a 
scanning sequence of the program line. When 
the subfleld r in an Out field is blank, it calls for 
transmission from the electronic storage unit 
named in its b subfleld to an electronic storage 
unit . named in the b subfleld of an In field which, 
in such event, will also be blank in its r subfleld. 

The Q field is subdivided into subfields Qs, 
Qb and Qr. Field Q may be either an In or an 
Out field. Subfleld Qs is a complete binary zone, 
in column 6, in which the 0, 1, 2 and 3 designa- 
tions have the same operational sign significance 75 nism. Fixed on shaft 16 are bevel gears 18, one 
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lor each station. Refecting .now to Ete. 5, -each 
bevBl.gear 18 meshes with a bevel gear .19 to turn 
a shaft 20 which is journalled to a sub-.frarae. 
Fixed on shalt M is a ratchet wheel ,23 (also .see 
Fig. 6) .which is the drive ..element of a station 
clutch. The driven portion of this -clutch in- 
cludes -a sleeve 24 rotatably mounted upon -the 
shaft .20. Sleeve .34 is formed with a gear 25 
meshed with a gear ,26 on the shaft 27 of the 



withdraws torn ratchet 23 and is free :of Ske 
■ratchet by the time the disk 28 is latched. 

The drum 1 1 is built up of several parts, inclnd- 
ingiend xings I l.a which .carry the f eed :pins :l t.p. 
Between the end rings is a contact .cylinder IJb. 
Insulating disks i l:c space the cylinder -from the 
endiings. The parts I la, 1 1 band lie are clamped 
tightly together by holts 45. 

A .transverse . tow . of IB sensing .brushes .RB, one 



station drum 21. Fixed on. sleeve 24 is a toothed ne for each index position of a designation line (see 
disk 28. Positioned between disk 28 and ratchet Kg. 4a) coact with the contact cylinder in ;the 
wheel 28 -and freely mounted on sleeve 24 is a sensing' of one designation line of the tape at a 
toothed disk;29. /Disks 28 and 28 are of the same time 'Ccolnmns .1 to ;20) . A common brush CB 
diameter and respectively provided with the XFig. •£> constantly wipes the xontact cylinder, 
same number of teeth 28a and 29a. Projecting :as The:cantaet TcyJinderand common brush together 
from- disk -2-8 and passing with appreciable play anay.be .referred to as the brush common. -Itmay 
through an elongated slot 29b in disk 29 is the ?be mentioned Ithat when.a station clutch is dis- 
pivot stud 30a of a clutch dog 30. The dutch engaged, the .drum I I is arrested with a desig- 
dog ;30 .lies in front .of the disk 29 and has a nation line, of the tape centered under the brushes 
tooth Mb to engage the driving ratchet 23. The ae RB. The portion of the record tape adjacent 
tail 30c of the clutch dqg is rounded at the free ito :and mnder the isensing brushes is held taut 
end which is seated in a round notch cut in by . pressure fingers 48. The pressure fingers -and 
a front rib 29c of the disk 29. A spring 31 con- the sensing brushes are commonly adjustable 
nectsthe clutch .dog with a stud 29d projecting at will from their active positions (Fig. T) to 
from disk 29. Another spring 32 is anchored at gs .their inactive positions (Fig. 8) remote from the 



opposite ends to studs 29e and 2Sd of disks 29 
and 28 respectively. Springs 3 1 and 32 urge the 
disk 29 to turn clockwise relative to disk 28, such 
relative movement, when permitted, being lim- 



drum when it .is ;desired to remove or apply :a 
record tape at the tape station. The adjusting 
means icomprises an eccentric shaft 5.0 with end 
pintles SOa rotatably bearing in the sub-frame 



ited by the play of the hub of the clutch dog g» 22. Two parallel links 52 are each pivotally sup- 



in notch 28b of the disk 29. The clockwise 
movement of disk 29 relative to disk 28 is pre- 
vented in the declutched positions of the parts 
(Fig. 6) by a latch 33 engaged with alined teeth 



ported at one end by the eccentric portion of 
shaft 50 and have pin and slot connection 52a at 
the opposite ends with the subframe. The arms 
52 ^rigidly carry between them a block 54 of in- 



of the disks. Latch 33 carries the armature of 35 sulating material which mounts the row of 



the station clutch magnet SCM and is urged to 
latching position by a spring 34. A rebound 
pawl 35 pivoted on a stud 36 is urged clockwise 
by a spring 37 against a stop 33 and is constant- 
ly maintained effective to prevent reverse move- 
ment of the disks 28 and 29. 

To effect clutch engagement, magnet SCM is 
energized, withdrawing latch 33 from disks 28 
and 29. Springs ;3 1 and 32 now act to turn disk 



brushes RB. One of the pintles 50a carries a 
:crank .handle 56. Fixed to the other pintle are 
a ratchet wheel 57 and a disk ,58 with diametri- 
cally opposite V notches. Detents ,59 and 60 
to are .pivoted to the subf rame and urged by springs 
.62 into engagement, respectively, with the ratchet 
wheel 57 and the notched disk 58. Coaotion of 
detent £59 with the ratchet wheel restricts the 
shaft .50 to rotative adjustment in one direction. 



29 clockwise relative to disk 28 and by reason ^ The -detent 60 is seated in one of the V notches 



of the pivotal engagement between the disk 29 
and the tail 30a of the clutch dog and under the 
further direct pull of the spring 3 1 , the dog is 
rocked into engagement with ratchet 23. Clock- 



of disk 58 when the ;parts are in the positions 
shown in Figs. 5, 6 and 7. When shaft 50 is 
given half a turn by handle ;56, it lifts the links 
52, adjusting the brushes RB to elevated posi- 



wise rotation of the ratchet now is transmitted 60 tions remote from the drum, as shown in Fig. 8. 



to disk 28 and through springs 31 and 32 to the 
disk ,29. Sleeve 24 rotates clockwise with disk 
28 and through gears 25 and 26 rotates the tape- 
feeding drum 1 1 counterclockwise. It, should be 



The detent 60 springs into the other of the V 
Hatches in disk 58 when the half turn of the 
crank shaft is completed. Detent 60 thus coacts 
with disk J8 to .releasably latch the crank shaft 



noted that in the final increment of movement 6 - and the parts operated thereby either in the 



of latch 33 away from disks .28 and .29, it en- 
counters a lever 39 pivoted on stud 38 and urged 
by a spring 40 against a stop 41. Spring-urged 
lever 39 assists spring 34 in overcoming the 
residual attraction of magnet S'CM when its cir- 
cuit subsequently is broken, thus speeding re- 
turn of latch 33 to clutch disengaging position. 
During rotation of the disks 23 and 29, their 
teeth 28a and 29a are out of aiinement, disk 29 
having moved clockwise to a limited extent rela- 
tive to disk 28 upon release of the disks by the 
latch 33. Deenergization of magnet SCM to 
effect clutch disengagement is timed to occur 



positions shown in Fig. 7 or the positions shown 
in Fig. 8. To return the parts from inactive posi- 
tions iso active positions, the shaft 50 is turned 
through the second half of its revolution, at the 
B0 .completion of which the detent 59 springs into 
a V notch of disk 58 to position the brushes 
accurately on the drum. 

The pressure fingers 48 are clamped on a :pair 
of shafts 63 turnable in the subframe. Each of 
a3 shafts 63 fixedly carries at its right hand end 
(Fig. 5) an arm 64 to which springs :6 5 (Fig. 6) 
are .connected. The free ends of the arms 64 rest 
against the peripheries of a pair of cams 66 fixed, 
inirontof notched disk 58, to the right-hand one 



just before a tooth of disk 29 reaches the .latch w of -the spintles 50a of the shaft 50. With the 



position. Thus, latch 33 will first encounter a 
tooth of disk 29 and . arrest it while disk -2-8 con- 
tinues to. turn until a tooth thereof meets -latah.aS. 
While the disk .28 is moving clockwise relative 



shaft -50 in the position shown in Figs. 6 and 7, 
the cams 66 allow the arms 64 to be close to 
each other and the 'pressure fingers 48 to press 
against the record tape on the drum I I . When 



to the arrested disk.29, the clutch dog 30 gradually 75 thexrank shaft is sgiven half a turn cto the ;posi- 
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tion shown in Fig. 8, the cams 66 rock the arms 
64 apart, displacing the pressure fingers to posi- 
tions away from the drum. Thus, the pressure 
fingers and the sensing brushes are commonly 
adjustable from the positions shown in Fig. 7 
to the positions shown in Fig. 8, and vice versa. 
It may be noted that the pressure exerted by 
arms 64, under the influence of springs 65, against 
the cams 66 helps to prevent unintentional move- 
ment of the adjusting means for the sensing 
brushes and the pressure ringers. Also, the 
pressure fingers not only serve to keep the rec- 
ord tape taut under the sensing brushes but they 
exert a braking effect on rotation of the drum 1 1 
and its drive gearing. This braking effect is de- 
sirable to prevent overrunning of the drum with 
respect to the drive means, particularly at the 
time the station clutch is being engaged. 

A station is provided with at least a move key 
switch SMK which is closed whenever the tape at 
the station is to be moved under manual control 
to a desired line position. The clutch circuits 
will be explained later in Section 9. At present 
it is sufficient to state that a tape bearing se- 
quence or value data will be advanced only a 
single step at a time. The means for controlling 
the single step advance of a tape station includes 
an individual commutator for each tape station. 
Such commutator comprises a disk 44 fixed to the 
drum shaft 27 (Figs. 5 and 9) and wiped by 
brushes 44b. For each line space movement of 
a drum, this station commutator makes and 
breaks once. The timing means for a single step 
advance also includes in each tape storage group 
a pair of commutators common to all the sta- 
tions in the group and called timers No. 1 and 
No. 2. These timers include commutator disks 
42 wiped by brushes 43. One of the disks 42 is 
fixed to shaft 16 and the other fixed to a shaft 
16a geared 1:1 to shaft 16. Commutator timers 
Nos. 1 and 2 will time station clutch magnet 
energization to insure only a single line spacing 
step of the tape and also provide a favorable time 
for clutch engagement so as to avoid injury to 
the ratchet and clutch teeth. The deenergization 
of the clutch magnet will be timed to occur just 
after a tooth of the disk 28 has passed and just 
before a tooth of the disk 29 is about to pass 
the latching position. 

3. General circuit data 

A source of supply (not shown) is provided for 
the voltage lines running through the various 
circuits. This source supplies voltages shown in 
the various figures. The line — 100C is a cancel 
bias line, the purpose of which will be explained 
in the subsequent descriptions of the trigger and 
the cancel circuit. The triodes used in the cir- 
cuits are of the 6SN7 type and may be the halves 
of twin tubes 12SN7. The tetrodes which are 
used mainly as power amplifiers are of the 25L6 
type. The pentodes are generally of the 6SK7 
type. In some instances 6SJ7 tubes are also used. 
Resistance values shown are in megohms and ca- 
pacitance values in micro-microfarads, unless 
otherwise indicated. 

Referring to Fig. 11, the cathode terminal k of 
the triode is connected to ground or 0 v. line. 
The anode terminal an is connected through a 
resistor to the +150 v. line. The value of the 
resistor for an individually operated triode is 
generally .02 meg. Operation of the triode is gen- 
erally effected by applying a pulse from the output 
of another tube to an input terminal gi. This 
input terminal leads to a voltage divider which 
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is tapped by a connection to the grid of the trfode\ 
The voltage divider terminates at the — 100 v. 
line. The part of the voltage divider between the 
grid and the —100 v. line generally has a resist- 

5 ance value of .47 meg. and the other part of the 
voltage divider, in that event, has a resistance 
value of .51 meg. In some instances where it is 
desired to reduce the time constant or to provide 
for a smaller grid leak impedance, the resistance 

10 values of the upper and lower portions (as shown) 
of the voltage divider are .24 and .22. The input 
potential to the voltage divider generally has a 
swing from about 50 v. to 150 v. although in ex- 
treme instances the input voltage may descend 

15 to about 15 v. It may be seen from Fig. 11 that 
the triode is normally biased to cut-off when the 
input potential to the voltage divider is at its 
lower value. When the input voltage rises to its 
upper value, then the grid potential is driven 

20 above cut-off and the tube conducts. Where it 
is required to increase the rapidity of response 
of the triode to an input pulse, the upper portion 
of the voltage divider is shunted by a capacitor 
which is generally 50 mmf. The anode resistor 

26 may be tapped at a suitable point anr for con- 
nection to an element to be operated by the out- 
put of the triode. It is understood that constants 
given are illustrative and other appropriate con- 
stants may be used. 

30 Fig. 12 indicates appropriate values for the 
tetrodes. The screen grid of the tetrode is gen- 
erally connected by a .005 meg. resistor to the 
+70 v. line. Operation of the tetrode is effected 
in the same general manner as the triode. 

35 Fig. 11-12 shows the block diagram represent- 
ing either the triode or the tetrode. The cathode 
terminal k in the block diagram will be omitted 
except where it is necessary to an understanding 
of the operation of the tube. It is to be under- 

40 stood that the tetrodes will be used wherever 
power amplification is a prime requisite. 

Fig. 13 shows the connections for a pentode. 
The screen grid is generally connected directly 
to the +70 v. line. Suitable values for the anode 

4g resistor and the voltage dividers connected to 
the control grid and the suppressor are indicated. 
The operation of the control grid is effected sim- 
ilarly to the operation of the control grid of 
the triode and the input terminal for the volt- 

60 age divider tapped by the control grid is also 
marked gi. The input terminal si is connected 
through a resistor generally having a value of .33 
meg. to the suppressor grid and the suppressor 
grid is connected through a resistor of .68 meg. 

65 to the —250 v. line. The input potential to the 
terminal si also varies from about 50 v. to 150 v., 
in general, although as previously indicated in 
connection with the input potential to the ter- 
minal gi, the input potential may drop to as low 

60 as 15 v. It is clearly seen from Fig. 13 that when 
the input potential on either terminal si or gi is 
at its low value, the pentode is cut off. The in- 
put potentials to both terminals si and gi must 
be at their upper levels in order to render the 

J5 pentode conductive. Fig. 13a shows the block 
diagram representing the pentode. 

The output potentials at the terminals an of 
the triode and the pentode may be taken as hav- 
ing a lower value of approximately 40 to 50 v. 

70 when the tube is conductive. However, it is 
quite possible for the potential at the anode 
of a pentode to drop to as low as 15 v. The 
anode resistor will be tapped at a point such as 
to provide the necessary working potential for 

75 an element to be controlled by the tube. It 
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stated that stthene toe .mttput/of ithe tube 
is tto "be applied >to both input terminate a and 
& ;0l <a trigger '.(see iFig. 10.)., then -the *ap ipoiat 
onr as generally the Midpoint at the vsaaade are- 
sJstor. -Where the output potential ;0f a tube 
is to be applied to :.onry sem «f She terminals 
a and 7i, the -point anr is -generally "connected 
through a iC07S meg. -se&stor '-to 'the -^150 w. 
line and connected through a X3Q sesistor to4he 
anode -of the -tube. Wig. m Shows 4he -13SW7 
tube with iboQi iWiOde sections *f the ;*abe hav- 
ing their anodes connected ito sadh Other. 5Dhe 
common .anode -resistor in iSUjoh case -generally 
has the value :051 meg. £Ehe impute t to :' the -sec- 
tions "are separate so rthat seach ;of stlie rsectaans I 
may lie individually cdperated. Shis ^circuit may 
be referred to as a ilock xouple. Beth of the 
tube sections must toe ;cut off ;to aorjdsr tto saMsw 
the common anode line to ;afctato ite^atpper volt- 



csat about 380 v . :2n the /opposite .estate -at She 
trigger, tube ifl is amn-sBonduGtwe and paint if 
is about 160 v. white tube jM us conductive and 
point c iat about ISO v.. TDEpon reversal fOf Cttfe 
s trigger 'from one /state to the other state, there 
is « steep drop in potential or ^negative igomg 
impulse atSi about 100 v. . at the-anoas terminal of 
the previously non-conductive tube miH u simul- 
taneous afise "in ^potential or ^positive sgoing %m- 
10 pulse offiibout #il'00 v. at the anode >termlnal<Of 
the other ftube. Also, a inegative impulse -Of 
about "50v. appear-s at the midpoints of the anode 
resistor *Mr when the trigger is reversed -from 
the status 'in Which tube T4 is non-conductive 
to ! the sstatus in ^fcieh this tube 4b conductive. 
Also, upon return to "its previous (status m which 
tube s'again < is conductive, * 'negative -impulse 
ot about 'SO v. -appears at the ^midpoint e^ofthe 
anode resistor f Or. It is characteristic -of this 



age level. If both tube .sections ace sat cut-off so trigger that it reacts sensitively 'to •& negative 



eand'cne of -the.sections is thensamde conductive, 
the common ;anode potential igsnisraHy will fdrop 
to about SO w. iFig. i^ ^shows sthe'MocksssmbOl 
for the look couple. 

The tbloek symbols "will she (employes iin fljhe 
Circuit diagrams «ttf the machine, it rmay «e 
■mentioned that the impi-usas tto tthe dnput ter- 
Ttiinals of thetnbesinrny ilM*a»HedtlramBh eoa- 
<pling capacitors which <are:"of varying {capacities 



impulse of .suitable -amplitude but is insensitive 
to. a similarly applied positive impulse of similar 
amplitude, m the present case, a negative ' im- 
pulse of -about 40 -v. applied to the trigger input 
'terminal -a or fi is effective to reverse the trigger, 
but a similarly applied positive ;pulse of such 
'amplitude "is not effective to Teverse the trigger. 
A negative impulse Of about 5J) v. appliefl can- 
currently to .both a and Ti-wQl 'be effective to 



appending on the desired pulse shape to betrans- 30 reverse the trigger "tout a. positive impulse M the 



mitted by the'capaQiterto;1to;'inputrternmial. 

Where it '-is necessary ito elarifiEaition, {.arrows 
will be used to Jindicate whether signals .;axe 
coming in or going out of/a.oireuft. 



same amplitude and similarly applied will be 
ineffective. Reversal df the trigger 'also may 'be 
effected by directly '.impressing.aSequate positive 
potential (about 150 v:) on the ;grid terminal 



Where* coupling "-capacitor ris ruseato transmit 33 of the. non-c.ontluctiiigtube df the trigger. -Where 



a pulse to a-igfia otr«tUbe,the.<eotromigcBapacttDr 
is -not ?sbu«t(Ba"by a *es48tsor. For limstamfle, ; if «. 
ptflse 4s to fbe ^applied fto the igrM asf the triode 
shown in '-WHs. 'M- >tt«8Wfh a -mafSnne teepacitar, 



an impulse source is connected to only one Of 
.points a .or %, the Other ;point terrnmates .at the 
r 150 v. line, this adding stability to the trigger. 
Reversal of the trigger also ma,y be effected by 



•the ^esiitor^Shewii'ln $h^tffigurestts<stBuifcta!Kftlie AO an .auxiliary circuit operable "to draw current 



capacitor is 'omitted. "In mrae instances a -tube 
may be used as a cathode follower m«Mchfcase 
suitable resistance will be .provided between the 
cathode of the tube and a voltage supply line. A 
tiitoe may be>bfewett*imna%d»'md>«EaE ortoacon- 
j <lu«feive eonaition. iWbaw ?it iSs fneaessary tto 
•dktrificittaon, "jfee normally .conductive ttube -mill 
be identified toy the small aetter actplaafcdcbelaw 
'the ^symbol «for the tube. 



through .anode .resistor lUr or 1%r so as to Re- 
press the. potential, at the terminate or,/ to jabout 
v. Such^uxniary citcult raay take the iorm 
of an auxiliary tube. Pbr instance, .'to Pig. IQ, 
atriodeiM:isindicate"d.as.;haying'its/ 
nectiblfe to terminal .If of tube ffO. JB tube • f OA 'is 
rendered conductive, then it ;will 'torce the po- 
tential at terminal down to about 50 %, revers- 
ing the trigger to the . status an which tube TO :1s 



Elements in a block diagram ttircirit Jmay dae ^ conducting or blocking teversal jeff the trigger 



identified by a particular reference ichaasacber 
•along wifti -a general ref epeWBe imftz&i -tor the 
•circuit, which legend may be the :fig*tre imrmber 
•or a -capital 'letter or -letters. Where an element 
is thus identified in -an item -Of ^he tfmsttBtom, 
subsefluent mention .-'of elements of the mme 
circuit will 'be made without ireferenee "to the 
general idehtifying ^egenti unless iimenition .!Bf 
tcnotlier circuit figure intervenes or amtess ;lt 
Is -necessary to dlarlfleaiSon. 

3a. The. trigger 

■&ne oi the Juttdamental -sdementsdtf sittMsBte- 
cUfts ls a aetrble^tftbility electraHic trigger cir- 



from this status. 

In ,^ome instances the trigger may omit the 
coupling capacitors 13a and . 1.3b, these capacitors 
being ! essential .as a f rule , on]|y .'if .it is desired .'to 
trip the • trigger . by .<anp!ying impulses .simultarie- 
ously -to ..the .points a , and ,'h. The digit .repre- 
senting triggers in the electronic storage .units 
.(see,Pig,;22) ,are.instances of-trjggei;s whieh omit 
the ..tcoupltog capacitors. 

St will be„noted,:thatiin,Pig. 10, the grid:resistor 
of (tube Id terminates .at the .cancel .line -iSBOC. 
normally - at — 100 , v. potential, , but ,in ..other . in- 
stances, -the --cancel line will be connected , to .ithe 
grid resistor of tube J4. ^A positive cancel, jm- 



cuit which Will, be 'CaUed 'simply sa-ttigger. JEke ^ pu lse will be applied at a desired time to the line 
genera!! form of : this- trigger rfe shown toffllte. — 100C to increase its potential to approximately 

•,Typ'teitt -«»it*aMts s«re ctadteatefl- tor 3Me iuDsm .ground potential. ".This will ..Beset the .trigger to 
but it is understood that-otherisuttatoleiconsbante state in which the tube connected to the 

may be used. TMis MgBW^s^i^ fd48Mws*'d to cancel; line, through the gridrresistor,.,is .c.ondu<>- 
appiieation Serial .Ho. 889,902 -M jPabaer ■mad ^ tive. The reset status of«:.teigg8r4s-4ewit«cl > 'hir 
"Phelps, ifllea •'DeeerAber m, mm. iBriefJy, sit r.to- jthe small letter .jcradi&Gentthe.-side .-at-which ,the 
cludestwoteteoac'tivfefy'coupiedt :l^ls^«Bdnje1^r.to^tlie.^es«t stetos. 

In one state-ofa trigger,* tube 14 is '•coimudti'ae In -some instances, tl^grid^resistor t te«aiijal.^r 
-and its anode terminal / is at about 50 v., .while ,is«oriiM0ted-,to<itbe- ^lQlhv-AtoeMam^-Mij8X&\- 
tube "14 isaoti-ctm'atictlve aiiaits^anoaefteisttinal m (iary tube £. When this ,auxUiary tube is «o»- 
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ductive it simply acts as a low impedance con- 
nection between the grid resistor and the —100 v. 
line and allows the trigger to function in a nor- 
mal manner. When the auxiliary tube E is 
rendered non-conductive, its anode potential and 5 
therefore the potential at the grid of the con- 
nected tube 14 rises above cut-off potential and 
causes the trigger to assume the status in which 
tube 1 4 is conductive. The auxiliary tube E may 
thus be used to reverse a trigger. The block 10 
symbol for the trigger is shown in Pig. 10a. The 
terminals shown in dotted lines will be omitted 
in most instances in order to simplify the draw- 
ings and will be shown only where they are 
utilized in controlling the trigger. The cancelled jg 
status of the trigger will be considered as its nor- 
mal reset status and the trigger will be spoken of 
as being turned and returned or reversed and re- 
set, it being understood that the reset or return 
is to its shown cancelled status. 2 0 

36. The basic cancel circuit 

Fig. 16 shows the basic cancel circuit operable 
to cancel a group of triggers. A plurality of such 
circuits are provided for various groups of trig- 
gers in the machine. The basic cancel circuit 
includes a normally cut off tube 75, a voltage 
regulator tube 76, and one or a group of power 
tubes 77, depending on the power requirement. 
The output of 77 is connected to the cancel line 
— 100C of a group of triggers. The constants of 
the cancel circuit are such that 77 is normally 
conductive to sustain line — 100c at —100 v. The 
voltage of line — 100C may fluctuate slightly ac- 
cording to changes in the states of the connected 
triggers. These fluctuations are counteracted 
through the action of the voltage regulator tube 
76 and its circuit. For instance, if line — 100C 
goes slightly more negative than —100 v., it causes 
the voltage regulator tube to become proportion- 
ately more conductive so as to increase the nega- 
tive bias on 77. As the negative bias on 77 in- 
creases, its. output, voltage rises, increasing the 
voltage on line — 100C to —100 v. When it is de- 
sired to cancel or reset the group of triggers, a 
positive cancel signal is applied to tube 75 to 45 
make it conduct and negatively bias 77 to non- 
conductive condition. The line — 100C there- 
upon rises to substantially cathode potential, so 
that the connected triggers are reset to the states 
indicated by the x marks. 60 

Fig. 17 shows the block diagram representing 
the basic cancel circuit and two methods em- 
ployed by the cancel circuit to reset a trigger. 
According to one method, the cancel circuit out- 
put — 100C is connected to the terminal cc of a 55 
trigger (also see Fig. 10). According to the 
other method, the line — 100c is connected to the 
grid of an inverter tube I which serves, in the 
manner of tube I OA in Fig, 10, to force a trigger 
to its reset status when the tube becomes con- 60 
ductive. Thus, when a positive cancel signal is 
applied to the input of the cancel circuit, its out- 
put line rises in potential and renders tube I 
conductive to reset the trigger. 

3c. The relays 
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The machine uses relays of the type disclosed 
In Patent No. 2,282,066 to Lake et al. These re- 
lays may either have 4, 6, or 12 armature con- 
tacts and may be referred to as 4, 6, or 12 position 70 
relays. Two coils wound in the same direction 
may be placed on the same core and operate the 
same armature contacts. Such relay may be 
termed a double coil relay or a duo-wound relay. 
One coil of such relay may be used as a pickup 75 



coil v to be initially energized. This coil p, 
when energized, may then close contacts for 
establishing the circuit of the companion coil 
which may be called the hold coil h (see, for in- 
stance, Fig. 29) . In some cases, the two coils of 
the duo-wound relay may be independently ener- 
gized (see relays RHR and LHR in Fig. 29). 
The duo-wound relay also may be used as a delay 
relay. In that case, the hold coil h will have its 
ends connected to each other through a resistor 
so as to form in effect a transformer coil. Upon 
energization of the pickup coil p, the induced flux 
in the hold coil will be of opposite direction to 
the flux in the pickup coil and will tend to delay 
the operation of the common armature contacts. 
Also, upon the deenergization of the pickup coil 
p, the flux "induced in the coil h will tend to 
maintain the armature contacts operated. The 
relay produced by the hold coil in the operation 
of the armature contacts will depend upon the 
inductance of the coil and the resistance across 
its ends; the higher the resistance, the greater 
the delay. These delay relays may be used in 
connection with arc suppression, as will be de- 
scribed for circuits shown in Figs. 36 and 47a 
(Section 11) . It is to be understood that a relay 
will handle a maximum of twelve single or double 
pole contacts. Accordingly, if a group of 84 con- 
tacts is provided, then at least seven relays are 
used for operating these contacts. For instance, 
associated with each relay storage unit (Fig. 29) , 
is a Unit In containing 64 relay contacts. For 
simplicity of illustration, only a single dotted re- 
lay coil U "in" is shown as operating these 84 
contacts, but it is to be understood that actually 
this relay showing represents seven relays in 
the same group. Usually, the relays of the group 
will be connected in parallel to be energized 
concurrently through a common circuit (see, for 
instance, Fig. 48). Such group of relays may be 
referred to, for convenience, as a plural relay or 
a gang relay. 

4. The main pulse generator 

Fig. 18 diagrammatically illustrates the main 
pulse generating system which generates pulses 
called the AP, BP, CP and EP pulses, the timing 
of which is shown in Fig. 19. The pulse gen- 
erating system is fully disclosed and claimed in 
application Serial No. 71,502 of P. E. Fox, filed 
January 18, 1949. 

A brief description of the essentials of the 
system follows: FRMV represents a free running 
multivibrator, preferably one with provisions for 
varying the frequency. The output of one side 
of the multivibrator is applied to the control 
grid of tube 2, Fig. 18. The output of the tube is 
connected to the control grids of tubes 7 and 8. 
The tapped output of 8 is connected to both 
sides of a trigger 6. For each negative pulse 
produced by the multivibrator, tube 2 produces 
a positive pulse which is inverted by 8 to a 
negative pulse for reversing the status of trigger 
6. Point c of trigger 6 is connected to the con- 
trol grid of the tube 5. Point / of trigger 6 is 
connected to the control grid of a tube 9. It is 
seen therefore that in one status of the trigger, 
it conditions tube 5 and in the other status of 
the trigger it conditions tube 9. Since trigger 6 
is reversed in status for each negative pulse pro- 
duced by the multivibrator, it may be stated that 
tube 5 is conditioned for one multivibrator cycle 
while tube 9 is conditioned for the next such 
cycle. 

The output of tube 2 connects to the control 
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grtdaif asilute I. Hence, to every irosttive pulse 
produced by tibe anultivibTatsor aERMV, 'tube ;2 
produces a negative pulse which is :lnverted by 7 
to; a positive pulse. Each positive pulse produced 
toy 57 acts through a. tiifferentiator.circuit to cause 
a tube I I to produce a sharply peaked negative 
pulse. The negative pulses -produced by 1 1 are 
appBad to a cne-sliot .multivibrator fSSMV to 
reverse its status. Upon such j-eversal, this one- 
sbdt multivibrator applies a positive pulse to the 
suppressors of tubes 5 and 9. ^Depending on 
whether .$ or 9 : is conditioned, the output pulse 
from .BSMV is effective to render one of these 
tubes -conductive, to produce "the pulse AP or 
HP. etnee trigger?* is alternated wtth'.«BDchihega- 
tive pulse "produced -hy FRMV, : it nis amdeEstoad 
f hat tubes $ and 9 are conditioned alternatively , 
each of these tubes being conditioned for one 
pulse cycle of the multivibrator -FRMV. It is 
clear then ' that tubes * and 9 mill alternatively 
produce pulses. "The width of each pulse-is -de- 
termined by the self ^restoring time of the aone- 
shot 'multivibrator SSMV. 

4t -is to be noted that trigger 9 - acts at ..each 
of points c and / to halve the 'frequency of the 
control pulses derived from the free running 
multivibrator FKMV. Further, the pulses ; at o 
aT5e ; lSff 0 out-*b r f'p'hase i wlth'those at'/. The single 
stability multivibrator SSMV is controlled by the 
pulses derived from "FRMV to produce pulses 
in -phase with the "FRMV pulses; but of a .con- 
trolled -widfti. ■Thetube^-serves asa eoincidenee 
niixer ' for the pulses from SSMV and c of trigger 
The 'SSMV ptBses appued to 5 determine the 
wtoth-of -theputput pulses-of <5 and restrict the 
output pulses 'to -coincide ! in phase with the 
FRMV pulses. The pulses -tram c of trigger -6 
further Testrlct f « to producing its output pulses 
at a frequency -half that'df the-SSMV and FRMV 
pulses. Similarly, tube 9 mixes the pulses SSMV 
anil the pulses from point / tff trigger 6 to pro- 
duce pulses BP of the same shape as the AP 
pulses produced by B but 180°' out 'of phase with 
the AP pulses. 

The AP •'and BP pulses from 5 and 9 are ap- 
plied "to - amplifier "circuits, - shown - diagrammati- 
cally. which produce J- and — AP arid B P pulses. 
These pulses will be - directed to desired • "destina- 
tions where they may be amplified before Utili- 
sation. 'The ultimately utilized pulses -AP and 
BP'are the "negative pulses and hence the --AP 
and +BP pulses from thcamplifler circuits will 
be inverted as well as amplified at their desti- 
nations before utilisation. 

'Intermediate points of the amplifier circuits 
for 'the "AP artd 'BP. pulses coming from 5 and 9 
are 'tapped for > AP and —BP pulses. +AP 
pulses are mixed In "tube 22 with pulses from 
points;/ of a trigger 23. The trigger 23 is alter- 
nated hi status by the negative BP pulses derived 
from the BP pulse amplifier. Hence, point / of 
W -produces pulses at • half the ' frequency of the 
BP pulses. It is clear that each AP pulse applied 
to '22 Testricts it to produce a pulse- of the same 
wrath-as'the AP pulse and at the same time as 
an AP pulserwhile the pulses' from 23 restrict #2 
to producing output pulses at half the frequency 
df the AP and BP pulses. The output pulses 
"from 22 are applied to an amplifier circuit which 
Is- arranged to produce + CP pulses. This amnli- 
fler circuit Is tapped at ah intermediate poihtfor 
^CP ptilses- which are mixed In tube -30 with 
pulses from "trigger J 3 1 . Trigger 31 is reversed 
eafcfr'time trigger'*3 is turned! rom its cancelled 
^ttts. Thus, point 7 Of 3 1 produces pulses at 
Irairthe'freqttency drttte CP pulses. It'is-seen 
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that the fta» pukes --control 39 to produce pulses 

of the same ;widfh ;as the CP putees, switile *he 
pulses from / of 3 1 ilimit M to produce an ^output 
pulse once lor every two-;CP pulses. The output 
pulses from 3fflare appliedto-an amplifier icircnit 
which produces +.EP pulses. 

at .is clear from 'the foregoing description ;and 
Fig. :lfl thatjall thepulSBs.are. of ;equai width, that 
each ■. pulse CP ils coincident with* very second, A3P 
pulse and 'each pulse MSB Is* coincideist with- ewary 
fourth AP pulse. The frequency of the AP and 
BP pulses will be generally adjusted to sabout 
% ske., which means that the i'OP pulses *ane ;at 
2:ke.and the^EPpulses-'are at l -fee. 

'The proper starting sequence of pulses sfrom 
the main ptilse .-generator ils mo. .AP pulse, JBP 
pulse,- CP pulse, and EP pulse in the order named. 
To insure the proper ^starting sequence, triggers 
6, J24, -and -41 .are iftest cancelled - to shown ."state. 
In addition, it is necessary thatrthe freeiunrimg 
multivibrator FRMV start with. a positive pulse. 
The reason for this is that with '.6 In cancelled 
status dt is conditioning 5. Trigger t» theretose 
must remain in this status in order that the ifirst 
pulse .produced Jby SSM.V mnder controlpf :I®B1V 
be effective upon tS to produce the ifiP ^piilse. 
Means for attaining "the proper ^starting tend 
stopping -condition of ERMV are , dtegrammatt i 
cally shown in.Fig. 18. Tc-stopOERSIVSromtpro- 
ducing effective pulses, a switch, stop;© as closed 
so as to apply potential3from,tlBe -4|sl-50 ^. -line fto 
the control grid terminal b :oi m "trigger 3MVT, 
thereby establishing the trigger ita. .Shown state. 
In this state the trigger atcts through a tube ^80 
to make a tube 1 0 conductive, thereby .depresStafg 
the pulse output terminal sofsERMV to a low and 
ineffective potential. To start the pulse .generat- 
ing system the operator may close. a switch, .run 
G to apply the potential from the -f 150 v.. line to 
the grid terminal . gf of the trigger MVT, thus re- 
versing the trigger. In the reversed state of the 
trigger it causes tube 89 to cut Off tube ID, thus 
allowing the pulse output terminal of FRMV to 
rise in potential to an eff ective level. Hence , the 
first pulse produced by FRMV will.be a positive 
pulse. By starting With production of a positive 
pulso and by Starting with triggers 23 and .3 1 .In 
shown state, the pulse generating system is re- 
stricted to producing aistartirig sequence of pulses 
AP, BP, CP and EP in the order named. 

5. The: register order 

Fig. 15 shows the rregister order used : here in 
the computing units. This register order .'.is simi- 
lar to the one disclosed in Fig. -3 of application 
Serial No.'654,175 of-B. E. Phelps, filed March 13, 
194fi. Fig. 15a shows the block-diagram lor the 
register-order. Each or der" has four trigger stages 
designated I, 2, '4 and '8 and a triode designated 
BX. The digit - standing in an -order is given by 
the sum- of the relerence numbers-ttf 'the*reversed 
stages. 

Briefly, the order is In 0 status when -all the 
triggers-are- in cancelled status. < Operation sot the 
register order may :be :eff ected by .applying nega- 
tive entry pulses to terminals a and h of the.first 
stage s l. Assuming the order is initially at 0, a 
first entry pulse reverses .stage \. The second 
entry pulse returns stage I and. upon its return, 
stage I applies a negative pulse from terminal e 
to the terminals a andTi of stase 2 to reverse the 
latter stage. A third entry pulse .again reverses 
stage I. A fourth entry pulse returns stage I, 
causing it to returnstage '2. Thereupon. stejge ^ 
reverses -staged. "The fifth and sixth entry poises 
effect a third -cycle - 6f stage "I and "a 'second -re- 
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versal of stage 2. The seventh and eighth pulses 
effect a fourth cycle of stage I and a return of 
stage 2. Stage 2 thereupon returns stage 4 and 
the latter stage upon returning reverses stage 8. 
The order then stands at 8. With stage 8 re- 
versed, its anode terminal / is at high potential 
which is applied through resistance means to the 
grid of triode BX causing the triode to become 
conductive. With the triode conductive, it is ef- 
fective to block stage 2 against reversal. A ninth 
entry pulse turns stage I and the order stands at 
9 (stages I and 8 reversed) . A tenth entry pulse 
returns stage I which thereupon returns stage 8 
so that the order has been returned to its initial 
0 status. The return of stage I by the tenth 
pulse is ineffective to reverse stage 2 because the 
latter is now blocked against reversal by the con-- 
ductive tube BX. The return of stage 8 is effec- 
tive to restore the tube BX to its non-conductive 
status after a momentary delay determined by 
the capacitor 47. 

The value cycle of the register order through 
ten steps from 0 back to 0 has been described. 
Manifestly, the value cycle may start with the 
register order in any other value position and 
at the end of the value cycle the register order 
will be back in the same position. The number 
of pulses required to effect the 9 to 0 step of the 
order is the tens complement of the starting digit. 
For instance, if digit 6 is the starting digit, then 
four entry pulses will step it from 9 to 0. This 
step is manifested by the return of the last stage 
8 of the order to its reset status. As the stage 8 
returns, a positive carry out pulse appears at its 
terminal c. 

6. Electronic storage 

Electronic storage is part of the electronic 
calculating section (see Fig. 20) and may be 
considered as temporary number storage. There 
are eight similar electronic storage units desig- 
nated ESI, ES2, ES3 . . . ES7 and ES8 (also 
see Figs. 1 and 22) . Each unit has twenty col- 
umns of digit storage capacity, each column con- 
sisting of the four binary positions, as now under- 
stood. Fig. 21 shows a typical electronic storage 
column. Triggers 8, 4, 2 and I are the digit stor- 
age elements per se of the column. Entry into 
electronic storage may be made from the Internal 
In bus-set or alternatively from the correspond- 
ingly numbered Out bus-sets. Readout or exit 
from the electronic storage units may be into the 
Internal Put bus-set or alternatively into the 
correspondingly numbered In bus-sets. 

There are eight pilot units (see Fig. 1) herein- 
after designated PILI, 2, 3 ... 7 and 8. In a 
manner described later, each pilot unit provides 
five control and timing signals for the corre- 
spondingly numbered electronic storage unit. 
These signals are (Fig. 21) : Cancel signal ESC, 
two alternative entry signals Int to ES and Out 
to ES and two alternative exit signals ES to Int 
and ES to In. The cancel signal and the ES to 
In signals are positive while the other three 
signals are negative, as they come from the pilot 
unit. 

For entry into electronic storage from an In- 
ternal In bus column, there are four tubes Int 
En 8, 4, 2 and I, (Fig. 21) conditioned respectively 
according to the permutation of different poten- 
tials representation of a digit on the In bus col- 
umn. For entry into electronic storage from an 
Out bus-set column, there are four tubes desig- 
nated Out En 8. 4, 2 and I conditioned or not 
conditioned selectively according to the permuta- 
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tion of different digit potentials representative 
of a digit on the Out bus-set column. 

When an entry into an electronic storage unit 
from the Internal In bus-set is called for, the 
correspondingly numbered pilot unit emits the 
signals ESC and Int to ES concurrently but the 
latter signal has twice the duration of the former 
signal. The ESC signal operates two standard 
cancel circuits (Figs. 17 and 21) such as previ- 
ously described and which respectively effect the 
resetting of the digit storage triggers in columns 

I to 10 and 11 to 20. The entry signal Int to ES 
is inverted by tube 9, Fig. 21, to a positive signal 
which operates the conditioned ones of the tubes 
Int En, causing them to reverse the related trig- 
gers as soon as the cancel signal ends. 

When entry into an electronic storage unit 
from the correspondingly numbered Out bus-set 
is called for, the correspondingly numbered pilot 
unit concurrently produces the signals ESC and 
Out to ES. The signal ESC resets the digit stor- 
age triggers while the signal Out to ES is inverted 
by tube 10 to a positive signal which operates 
the conditioned ones of the tubes Out EN, caus- 
ing them to reverse related triggers. 

For exit from an electronic storage unit to the 
Internal Out bus-set, four tubes Int Ex 8, 4, 2, 
and I are provided for each column. The sup- 
pressors of these tubes are respectively coupled 
to the anode terminals / of the correspondingly 
numbered triggers in the same column. When a 
trigger is reversed, manifesting storage of a bi- 
nary digit, it applies increased potential to the 
suppressor of the correspondingly numbered tube 
Int Ex, thereby conditioning the tube, if exit 
from an electronic storage unit to the Internal 
Out bus-set is called for, the correspondingly 
numbered pilot unit produces the negative signal 
ES to Int which is inverted by tube 1 2 to a posi- 
tive signal for operating the conditioned ones of 
the tubes Int Ex causing them to apply reduced, 
digit representing potentials on the related buses 
of the Internal Out bus-set. 

For exit from an electronic storage unit to the 
correspondingly numbered In bus-set, there are 
for each column, four electron tube lack couples 
In Ex C and four respectively related tubes In 
Ex. Each couple has its right hand tube (as 
shown) connected to the grid terminal g of the 
correspondingly numbered trigger. Accordingly, 
the tubes la, 2a, 4a and 8a of the In Ex C couples 
assume the same conditions as the right hand 
tubes of the correspondingly numbered digit stor- 
age triggers. When a trigger is in reversed con- 
dition, storing a binary digit, the related tube 
la, 2a, 4a or 8a is cut off. When exit from an 
electronic storage unit to the correspondingly 
numbered In bus-set is called for, the pilot unit 
sends a positive going signal ES to In to the tube 

I I which applies the negative going counterpart 
In to In to the tubes 8, 4, 2 to I of the In Ex C 
couples. Those couples which have been partially 
cut off by the reversed triggers are now com- 
pletely cut off, so as to apply increased potential 
to the correspondingly numbered tubes In Ex. 
These tubes become conductive and apply re- 
duced potentials to the associated lines only of 
the four comprising one column of the In bus- 
set. Thus the permutation of reduced and non- 
reduced potentials on the four lines represent 
the digit stored in the Electronic Storage column. 

As may be understood from the foregoing de- 
scription and now with reference to Fig. 22, all 
the eight electronic storage units are connected 
via their respective tubes Int En (Fig. 21) to the 
common Internal In bus-set. However, entry 
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may be made front this common bus-set Into 
one selected unit only upon receipt of an Int to 
Es entry signal from the corresponding pilot 
unit. In short, only a selected one at a time of 
the entry signals (Fig. 22) Int to ESI , Int to ES2 
. . . Int to EST and Int to ES8 will be applied to 
ESI, 1 . . . J and 8 respectively.; 

Likewise, all tine eight electronic storage units 
have exit connections via their respective Int Ex 
tubes (Fig. 21> to the common internal Out bus 
(Fig. 22) but only a selected one at a time of the 
exit signals ES! to Int ES2 to Int . . . EST to 
Int and ESS to Int will be produced, so that orfly 
a selected one of the electronic storage units at 
a. time will read out upon the common Internal 
Out bus-set. 

Each of the eight electronic storage units has 
an entry receiving connection via its Out En 
tubes- to a correspondingly numbered one of the 
eight Out bus-sets. In this case any number 
of; the entry signals Out to ESI, 2 . . . 1 and * 
CFtg_32>) may be produced concurrently so that 
numbers from the Out bus-sets may be applied 
consurrently to a plurality of the electronic stor- 
age units. likewise the eight electronic stor- 
age units have individual exit connections via 
the couples in Ex C and tubes In Ex to the corre- 
speMdftig In bus-sets t to 8. Any number of the 
exit ttnsmg signals- ES* to in, BS*to'BS- . . . ESff 
te Bfc QWg. 22) may be applied concurrently so 
that a plurality of electronic' storage units may 
ft»< read out concurrently upon their respective 
Ih bus>-set»i 

As sfeted previously' fa the General Deserip- 
tion, all numbers on the Out bus-sets enter elec* 
tmnSy storage units 1 to be routed therethrough 
to selected destinations-; Also, except fbr SI and 
S2 eedfes Bmai dial switches BSf and ESSa (Fig: 
4V& all' numbers; on the In bus-eet's ; are taken' 
from 4 the electronic storage units which receive' 
fjftenr from selected sources, and the numbers 
aw directed 1 from the electronic storage units Via 
the In bus-sets' to selected receiving means. 

Referring^ to- Figs. 29- and ; 22, it is to be noted' 
that ceihmns 1 1 J to 20 of an electronic storage 
unit are associated with columns' 1 tb 26, respec- 
tively, of the corresponding In and Out bus- 
sets; Thus; columns 1 to 20 of ESI receive digits 
from columns 1 to 20, respectively, of Out bus-set 
I' and apply digits tocolumns 1 to 20, respectively, 
of In bus-set I. With respect to the relation be- 
tween the electronic" storage columns and the 
Internal In and internal Out bus columns, col- 
umns 1' of: the electronic storage units are" all 
associated with columns 1 of ' the Internal In and 
Internal Out bus-sets. It is to be particularly 
noted, however, that; columns 2 to 20 of all the 
electronic storage units are associated with col- 
umns 11 to 29,. respectively, of the Internal In 
and. Internal Out bus-sets. Thus, the sign digit 
column ! ol each, electronic, storage unit may 
readout a sign digit upon column 1 of the inter- 
nal. Out. busrset and receive a sign digit from col- 
umn l.of the Internal In bus-set, but on the other 
hand columns 2 to 2D of the electronic storage 
unit read out digits upon columns 11 to 29 of 
the: Internal Out: bus -set and receive digits from, 
columns 11 to 29 of the Internal In bus-set. 
Columns 2- to. 10,, inclusive, of the Internal; Out 
and of the Internal In bus sets are employed, as 70 
describedlater. 
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7. Relay storage 

Relay storage consists of sets of relay storage 
registers, also called relay storage units,, which: 75: 



receive numbers from the Ift bus-sets arid store 
them until called. out for transmission along the 
Out bus-sets. Certain of the relay storage units 
also serve to control the printing unit, as Will be 
explained in Section 21. There are ten sets Of 
storage relays, designated the 0, I, 2 ... 9 sets, 
of which the 0 and 9 sets are dia grammatically 
and partially shown in Fig, 28. Each set has fif- 
teen storage units and each unit has twenty col- 
umns ol storage relays for storing a number in 
binary decimal form. 

The fifteen units in a set which do the actual 
storing are respectively coniiectable to a common 
Input cable via the points of fifteen separate 
Unit In relays generally designated TJ "in" (see 
Fig. 29), which Unit In relays are controlled by 
the program, as described later. The fifteen 
units of a relay storage set are also connoctable 
respectively to a commofi Output cable via the 
points of fifteen associated Unit Out relays gen- 
erally designated U "out" which are also program 
controlled. The Unit In relays and their contact 
points associated, with a relay storage unit may 
simply be referred to as a Unit In and designated 
by the number designation of the particular 
storage unit. For instance, the storage unit 
whose number designation is 91$ is associated 
with Unit In DID. Similarly the Unit Out relays 
and their contact points may" simply be referred 
to^ as Unit Outs and designated By the same ref * 
erence: number as the associated storage' units: 

The Input cable has 84 individual wires which 
are numbered I to 84 over" which the permuta- 
tions Of Voltage conditions representative' Of the 
digits tb fee stofed are transmitted. Wires i to 
t* pertain to- the binary position^ Of digit col-* 
lattfiis. £ to 2* (Fig.- 4, for example")', the Wfre 8f 
is- a back; signal wire;- arid wires; 6 f, 83 and S4 
are relay storage reset Signal Wires; The wires 
I- to 89 of the in cable terminate at plug sock- 
ets generally designated' RS-GIPP (also see col- 
umns 1-20, RS-GIPP, Fig. 30) . The wires 82", 
93 and 84 terminate at plug sockets RS-GIPP 82, 
8* and 84 (Fig. 29). Sockets RS-GIPP are plug- : 
gable to any of eight different gangs of plug 
sockets RS-GIPF to Pff designated generally 
R8*-GTP. Each of these gangs includes columns 
1 to; 20 plug sockets adapted to be connected 
through points of a set of relay storage GrOup 
in relays (controlled by the program), generally 
designated RS-Gl, to- the buses in columns i to 
20' of one Of the In; bus-sets: Each gang of sock- 
ets RS-GIP algo includes a socket RS-GIP82 
(see: t% of RSi-GlPK Fig. 29V for example) which 
is; connected through a Group In relay contact, 
when; closed, to biis 8^-" of the related In bus-set. 
socket RS-GEP8a may be plugged to any one of 
the sockets RS-GIPP-82, 83^ and 84 for selective 
reset purposes as- will be explained further. The 
back signai : Wires- 8* is connected directly via 
Groups to relay points; when closed, to bus' 81 
ot the 1 to bus-Set. As may-' be under stood, for 
each relay storage set, there are eight Group In 
relay sets which are designated RS-Gil to 
RSi<SI8^ and connect to In bus-sets I to 8 respec- 
tively: For convenience, each of the sets of 
Group to relays RS-GII to RS-GI8 and their 
contacts: may be" referred tb simply as "Group 
InsJ' fetofft- The elements of a relay storage set 
may further, be: identified by a prefixed digit cor- 
responding to - the relay storage set number^ For" 
instance, , the Group- Ins for relay storage set 9 
may be identified as^ 9RS-GII to 9RS-GI8. 
Thusj, there are ten Grouplns RS-GII, one for 
each of- the ten relay; storage sets, wmcbconheOt 
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to the In bus set f. Likewise, there are ten 
Group Ins RS-GI2, one for each relay storage 
set which connect to the In bus-set 2, and so on, 
making a total of 80 Group Ins, eight for each 
relay storage set. 

The output cable of each relay storage set has 
81 individual wires which, except for the wire 
81 (see Pig. 29). terminate at plug sockets 
RS-GOPP (also see columns 1-20 of RS-GOPP, 
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closing 84 contacts I to 84 (Pig. 29) between the 
wires of the input cable and the pick up coils of 
the relays in the storage unit. Also a Group 
In will be operated under control of the program 
to close contacts between a connected In bus-set 
and the related gang of plug sockets RS-GIP. 
Just prior to entry of the number, a preliminary 
reset signal is applied to the sockets RS-GIP82. 
Depending on the plugging, this reset signal will 
Pig. 30) . These plug sockets may be plugged to 10 be transmitted to one of the wires 82, 83 or 84 

of the input cable and thence through either the 
contacts 82, 83 or 84 of the Unit in Relays for 
the selected storage unit to both the reset relays 
LHR and RHR or one of them. There is a pair 
of these relays associated with each storage unit. 
Each of these relays is a duo-wound relay in 
which each of the windings operates the same 
set of armature contacts (see Section 3c). If 
the reset signal is applied to wire 82 of the Input 
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any of eight gangs of columns 1 to 20 Group Out 
plug sockets RS-GOP. Each of the eight gangs 
of sockets RS-GOP I to RS-GOP8 (Pig. 29) con- 
nects, through relay contacts, when closed, of 
Group Out relays RS-GOI to RS-GOB, respec- 
tively, to one of the eight Out bus-sets. The 
Group Out relays are program controlled. Wire 
8 1 in the output cable of a relay storage set con- 
nects directly via contacts in an active Group Out 
relay to bus 8 1 in the associated Out bus-set. 20 cable, it is routed by contacts 82 of the operated 



Each of the Group Out relay sets and its contacts 
may simply be referred to as a Group Out. It 
is clear now that there are eight Group Outs for 
each relay storage set and which connect re- 



Unit In through a coil of LHR and thence through 
a coil of RHR to the +150 v. line, thus causing 
energization of both coils. Accordingly, the con- 
tacts LHRa and RHRo will be opened and reset 



spectively to the eight Out bus-sets, making a 25 the entire storage relay unit. If the reset signal 



total of 80 Group Outs for the ten storage sets. 

As previously stated, each relay storage unit 
has twenty columns of storage relays for storing 
a number in binary decimal form. It is clear 



is applied to wire 83 of the Input cable, it is 
routed by contact 83 of the Unit In through a 
coil of LHR and to the +150 v. line, causing 
energization only of this one coil. Accordingly, 



therefore that there are four relays in a column 30 only the left half of the relay unit will be reset. 



which may be called the "8," "4," "2" and "1" 
relays of a column. Fig. 29 shows the circuits of 
the "8" relay in column 1, the "1" relay in column 
10 connected to line 40, the "8" relay in column 



Finally, if a reset signal is applied to wire 84 of 
the Input cable, it is routed by contact 84 of the 
Unit In through a coil of RHR and to the +150 v. 
line, so that only the right half of the relay unit 



11 connected to wire 41 and the "1" relay in 35 will be reset. 



column 20 connected to line 80. These circuits 
are typical of the circuits of all the storage relays 
although it is understood that some of the relays 
have additional contacts such as the relays for 



Each relay storage unit is identified by a three- 
place number. The units place digit in the 
identification number of a unit is the number of 
the relay storage set containing the unit. The 



controlling the printing unit. Each of the stor- 40 two left-hand digits of a unit identification num. 



age relays is a duo-wound relay. Upon energiza- 
tion of the pick-up winding of the relay, in a 
manner to be explained soon, it closes the relay 
points a to establish the circuit of the hold wind- 
ing h of the relay. The circuit of the hold wind- 



ber distinguish a unit from the other units in 
the same group. Thus, in 0 relay storage set the 
units are designated 010, 020, 030 . . . 090, 100, 
1 10 ... 150. In the 9 set, the units are desig- 
nated 019, 029 ... 159. In other words, the 



ing is from the +50 v. line through the hold 45 unit 159 is the 15th unit in the 9 set. 



winding, the relay points a, and via normally 
closed relay reset points LHRa or RHRa to 
ground. The reset points LHRa are provided for 
the left half of a storage unit; namely, for col- 



As has been stated previously (see Section 6, 
for instance) , all the numbers on the In bus-sets, 
with the minor exception of the artificial line of 
sequence described in Section 11, come from the 



umns 1 to 10, and reset points RHRa for the 50 electronic storage units and all the numbers on 



right half of the storage unit; namely for col- 
umns 11 to 20. This enables the right and left 
hand halves of the storage unit to be reset inde- 
pendently and therefore to store numbers inde- 



the Out bus-sets are directed to the electronic 
storage units. When the program or sequence 
means calls for a number to be entered (via the 
In bus-sets) into a relay storage unit, it brings 



pendently. In other words, if only 10-column 55 about the energization of the Group In relay of 



numbers are to be handled, then one such num- 
ber may be entered in one -half of a storage unit 
and another such number entered in the other 
half of a storage unit. The plugging from the 



one group only and the Unit In relays for the 
desired unit only through which the number is 
to be transmitted to the desired relay storage 
unit. Since each Group In is fixedly associated 



plug socket RS-GIP82 of a Group In gang of 60 with a particular In bus-set which in turn is in 

fixed association with an electronic storage unit, 
it is clear that by selecting a certain Group In, 
a selection is made of one electronic storage unit 
from which the number is to be taken. Upon the 
storage unit is to" be reset, then the socket 65 energization of the selected Unit In, a back signal 

is sent to that pilot unit which is associated with 
the selected electronic storage unit. This back 
signal originates from the +150 v. supply line 
(labeled +150 v. b. s., Fig. 29) and is directed 
70 over the line shown dotted to the now shifted 
contacts bs of the active Unit In and via the 
corresponding, now closed, contacts 6s of the ac- 
tive Group In to the bus 81 in the selected In 
bus-set. This back signal proceeds to the pilot 



sockets to the sockets RS-GIPP82, 83 and 84 is 
made selectively in accordance with whether the 
entire storage unit is to be reset or whether the 
left or right half is to be reset. If the entire 



RS-GIP82 is plugged to the socket RS-GIPP82. 
If the left half is to be reset, then the plugging is 
from the socket RS-GIPB2 to the socket 
RS-GIPP83. Finally if, the right half is to be 
reset, the plugging is from the socket RS-GIP82 
to the socket RS-GIPP84. As will be explained 
in Section 11, when a number is to be entered 
into a storage unit, the corresponding Unit In 



will be operated under control of the program, 75 unit where, in a manner explained later, it notifies 
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tttie pilau, unit- 5*> t» speaflc, that tteseiectBcBstoK- 
age unite is • ready tot receive? thei number?.. . The 
pilot unit tiran sends out. as reset signal; whieni ia; 
to. the. farm at reduced; potential; om the; buss 80, 
ol tte associated:. In ibus-set Tnlss reset, signaliia 
directed via contacts r of the active Group ■■ In 
to: the: plug: sockete RS^-SIPM audi by/ plug wire 
totbedesiredoneof; the; idug; sockets sausWBtik, 
8* aira4,.depjending an wlietherthejentjre: storage 
unit, ox its left or; right . halt iss to; he: reset, Bah? 
lawmgrthe emission; of tats rssEt sigrmh and sons- 
sequent. deeneEgization: of the; required, relays* in 
the selBctadirelay storageunit^the pilot unit apis 
toy send , the e^t timing signal BS: to; In? (soft-Kg; 
22); to the- associated: electronic storage unit,, 
causing; this; unit ta- apply; aj. permutation- oft re=- 
duoed and, rron^reducedi. potentials,- te the, con- 
nectedlnbusrset.. Uh& reduced; potentials repre- 
aenbative' oft the? digit stared: in the. Electronic, 
Storage* Unit on. the . particular: buses of the; se- 
lected; In bus-eetaffe applied- via: the columns or 
oantacta in; the; aotiver ©roup In and, via the slug 
connections! between:, the associated sockets 
BS*-©IB and-, that sock-etas BSr-SJPB to the wires 
of . the Input: cable of- the relax storage- set. con- 
taining.the seieotedunit The. reduced potentiate 
on the- wires, of; the Input cable are further ap- 
plied; via- the? active. Unit In; to one : aide- of. the 
pick-rupscoilspof the seleoted, relay unit and; the 
circuits, ot' these: relay coils, are completed to the 
-IrlBO >vt line.. Sinaa. ther voltage is reduced: on one 
side of the selected- coils, .these BarticulaE pick-up 
coils are,; energized followed by the. energization 
ot the. hold, coils, h, , so that: the - particular nura- 
bar entered- in- the selected storage, unit is stored 
therein.. 

In.a.manner explained later in. Section. 1-1, the 
program, or sequencing means, may, call foe a 
numhex toi be readiout-of- a relay, storage unit by 
bringing about the energization of the related 
Unit. Out. AJso i: the sequence, means willi bring 
about the; energization, at a Group.'Outin. accord- 
ance with, whioh, electronic. storage unit is. to, re- 
ceive the numher, from. the. selected relay storage 
unit. Upon. the., energization, of the: selected, Unit 
Gut; and Group Out, a. forward signal is. trans.- 
nutted" from, the +150 v: source,, over the dotted 
una (Fig: 29) f and through the points f?s, of the 
Unit In (.which cannot be. energized "on read:-outX 
associated with; the selected storage unit and 
thence. via the contacts:/*- or the Unit Out made 
active by the program, to the wire 8t of the Out 
cable of the relay storage- group; and via the cor^ 
responding contacts fs of the'active Group Out to 
ther Bus: ffl of* the- associated Out. bus-set; The 
forwa rd" signal' goes to. ther pilbt; unit associated 
with: the electronic storage unit corresponding- to 
the active Group Out" and' the' connected Out 
Vaa-set. Hi a manner which will be' explained 
subsequently; ffie forward signal notifies the pilot 
unit, so< to" speak, that the- selected relay storage 
unit is ready to- transmit the number. Bf may 
Be noted ; that the forward signal is routed through 
the- pom to Hs 1 of "the Unit In for the selected 5 relay 
storage unit; Hence, the f brward 3ignaf- is-- sent 
out' onljr if these contacts Bs 1 are in normal 5 status 
(as- shown in Fig; 25) , indicating the-storage : unit 
isnot oonditipned 5 tb reeeive datai 

As understood; the relays of a- relay storage unit 
are sefeetivelir energized; to store- a- number and 
sign; The energized 1 relays- close their points 1 s- 
and' &■ and additional points rE the storage waifr is 
cne for controlling a •recording- unit: fSectfen 2W)\ 
As- described: points' a. are in the circuits-- of; the 
hold oailm Ui Whem a. selected' relay storageumif 
frtabe 'readiowti itfrUnitOufeand-a desirediGiroup 
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Gfctf are energized.. Rfeadbufe ollsiaiifar are; J&ar.e> 
upmx. selectively, closed fi»mx the? -f-1501 y;; source: 
via the closed points b of the; storage unit, which; 
dossd; points? are storing; the? number, to behead 

& out,, the connected points oft its- Unit Out, to 
socSetss RSr-GOEl?: , plugwires: to ; sockets; RS-GQI? 
ofcthe.bank related to; that selected Group Out and; 
viav.cqntactsE;of the; latterj to -bus; columns 1 to; 20 
Ofctiie..related;Qutbusrset;. In: this way, the data 

xa. tos.tbesform of: a number; stored in. a relay stor- 
age unit is read out as increased potentials placed 
on the selected permutation of buses; of the se- 
lected Out bus-set (Fig. 21) and this number is 
entered in the associated- electronic storage unit 

EE when: the latter receives: its; entry- signal Out; to 
ES' Casdescribed ahoveinSection;6);. 

The: plugboard for a, relay storage; set; is, shewn 
in; simplified,, diagrammatic: form to,- Fig. 30. 
There, is. one; such plugboacd-if or each .: of the- ten 

20. relaystoragesela;. 

Si Dial' storage 

Besides; relay storage (Section. 7.). and, tape 
storage, (Section 9).> the machine provides other, 
sources for, values. One such source is. dial stor- 
age. Representative of dial storage is dial stor- 
age set #3, which, is diagrammatLcally; and,, par- 
tially illustrated in Fig.. 23. a- dial.storage. bank 
consists, of twenty dial switches, generally desig- 
nated DST„ and each, dial switch, is, manually- 
settable. to a desired digit Thus,, twenty digits 
may; be: registered, by; the, set of. dial switches. 
The: switches, are, further, identifiable . as... column 

1 to column 20 switches, to. confjoxm with. the. 
numbering; of: the. bus. columns, it, is. undej:- 
stood that column, h is>the sign;:cqlumn.andvtliat 
columns. 2 to. 2tt correspond to denominations. 

1> BespectiHely, Each dial;, switeh. has.tKree 
rings of contact segments having contacts L to 
9 selectively wired to. four outout lines. 8, and 
I. The: wiring, is, such, that a decimal, notation 
digit to, which, the. dial is, set will- be, read,, out 
to binary decimal form. For instance,, if the 
switch, in column, 2 is adjusted to position.- 7-, a 
circuit: path: is. closed, from the, +150 v„, line 
through the common, switch, arm to the. 7. spot 
of the inner, circle ot contacts and to the 1. 
output wire;; also from the. switch, arm via the 
% spot of the second circle of contacts to the 2 
output line;,, and lastly from the switch arm 
via* the- 7, spot ot the outer ring o£ contacts; to 
the; 4 output Una, In. this, way the single ad- 
justment: of. the; switch arm to. position 7 en- 
ables: potential to, be applied to, the 1„ 2; and; 4 
outout lines-sojasf to, read oufc the. decimal.nata* 
tion digit 7 a* its btoaxy : terms; equivalent, 1, 
2- and 4t The output, wires of each column of 
dial switches are^ Gonnectable through contacts 
a.ofi dial: storage, Gferoup, Outs I to. 8. to the Out 
hut-sets 1 to; 8t respectively.. Fig.. 23„ indicates 
the Group Outs k ft and 8-. Bach Group Out 
includes a, group relay designated DS-GO and 
contacts a operated by the. relay. In a manner 
which will be. explained in- Section 11, the pro- 
gram., of sequence: means may select any ot the 
eight Groups Outs of dial storage set #3: for 
operation; Assume, for instance, that Group 
©ut b is* selected; i. e, rela^: OS-GOt is ener- 
gized by the program. Digit representing po- 
tentials thereupon will be applied through, each 
dial switch column to the corresponding column 
ot Out bus^set L For instance,, if, the: column 

2 dial switch; is, adjusted to, then potential 
will be applied to the 1, 2: and 4, output Unes, of 
this dial: switch and; thence by way of the as- 
sociated contacts a of. Group Out I to the buses 
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4, 3 and 2 in column 2 of Out bus-set I which 
respectively represent binary #1, binary #2 and 
binary #4 (Fig. 40). 

Along with the application of the digits, stored 
in the dial storage bank, to an Out bus-set, a 
forward signal is applied to bus 81 of this Out 
bus-set. The forward signal starts from the 
-(-150 v. line and is routed through the contacts 
81 of the active dial storage Group Out to bus 



and two selected Group Outs, one plugged to 
sockets ASSP and the other plugged to sockets 
BSSP may be operated to select the Out bus- 
sets upon which the numbers from the two se- 
lected stations may be respectively but simul- 
taneously applied. 

As understood now, the selection of a station 
in a bank to read out upon a selected Out bus- 
set requires the operation of one of its station 



81 of the related Out bus-set. The purpose of io selectors A or B and the Group Out associated 
the forward signal will be explained in Section with the desired Out bus-set. Each of the sta- 
16b, Item 24b. Won selectors A comprises a gang relay ASS 

o Tnno *+nrnne < see 32a) and each of the station selectors 

». lape storage g i nc i U des a gang relay BSS. The station re- 

Tape storage comprises three banks 1, 2 and 15 i ays may be differentiated by a prefixed num- 
3, each with ten tape stations. Selection of a ber corresponding to the associated station; e. g., 
tape station is controlled by the sequence means relays I ASS are associated with station I. Each 
in a manner described in Section 11. Fig. 31 0 f the two relays ASS andBSS at a station op- 
diagrammatiCally shows the essential elements erates contacts 3 to 80 (Figs. 4o and 32a) wired 
for transmitting information from a tape stor- 2 o to the station brushes RB which sense index 
age bank to any of the Out bus-sets I to 8. As- positions 3 to 80 (Fig. 4a) in record columns 

1 to 20. Each brush at the station is wired to 
one side of a contact of the station relay ASS 
and a parallel contact of the station relay BSS. 



sociated with each station are two outlets called 
station selectors A and B. All the station se- 
lectors A are associated with a common set of 



plug sockets ASSP. All the station selectors B 2 s The other side of the contact of ASS is wired 
are associated with a common set of sockets 
BSSP. The Information at a station may be 
read out alternatively through its A or its B 
station selector, as determined by the sequence 
means. For each bank of tape storage stations, 
there are eight Group Outs, each Group Out 
associated with a different one of the Out bus- 
sets. Each of the Group Outs is connected to 
a separate set of plug sockets TS-GOP. The 



to a plug socket of the ASSP bank. The other 
side of the BSS contact is wired to a socket of 
the BSSP bank. The correspondingly numbered 
ASS contacts of all the stations are wired in 
30 common to the same plug socket ASSP and 
similarly the corresponding contacts of the BSS 
relays of the stations are wired in common to 
a corresponding plug socket BSSP. It is seen 
that if the ASS relay of a station is active, then 



sets of plug sockets ASSP and BSSP may be 35 its contacts connect the read brushes RB to 



plugged in any desired combination to the sets 
of plug sockets TS-GOP, depending on which 
of the Out bus-sets are to receive information 
from stations through their A selectors and 



which of the Out bus-sets are to receive infor- 40 34). 



columns 1 to 20 of sockets ASSP (also see Fig. 
34) , while if the BSS relay of this station is 
active, its contacts connect the read brushes to 
the columns 1 to 20 of sockets BSSP (also see Fig. 



mation from the stations through their B se- 
lectors. At this point, it may be brought out 
that if each station had only one outlet, then in 
order that a station in the bank be capable of 
reading out a number into any of the eight Out 



Each of the tape storage Group Outs includes 
a gang relay TS-GO (see Fig. 32c) and contacts 
operated thereby. Contacts 3 to 80 of the Group 
Out (see Fig. 32a) are wired each at one side 
to columns 1 to 20 of the associated sockets 



bus-sets, it would be necessary to connect the 45 TS-GOP and at the opposite side to columns 

sensing brushes of the ten stations in the bank x t0 2 q buses of the associated Out bus-set. The 

through the one station outlet to all of the eight relays TS-GO and the sets of sockets TS-GOP 

sets of sockets TS-GOP. Under this condition, may be f ur ther identified by a suffixed digit cor- 

it would be impossible to read out more than responding to the associated Out bus-set; e. g., 

one station of a bank at a time in view of the SO xg^os ^d TS-GOP8 are associated with 

fact that selection of an outlet from one sta- Qut bus . set 8 xhe re iays TS-GO are selected 

tion and the concurrent selection of the outlet by the sequence or program means in the man- 

from another station along with selection of two ner described later in Section 11. Such selec- 

Group Outs concurrently, would result in the tion circuit will conne ct ground to that one of 

reading out of the numbers from both selected 55 sockets xS-GOSI to 8 (Fig. 32c) wired to the 

stations upon both selected Out bus-sets. But desired relay, and the circuit will be completed 

it is desired to .be able to read out at least two through ' the desired relay to the +50 v. line, 

of the stations of a bank simultaneously upon ^ groUndlng of socket XS-GOSI, for in- 

tw P different selected Out bus-sets. To attain stanoe> wiU esta blish the circuits of gang relays 

this object, each station is provided with the 60 xS-GOl, the circuits being completed to the 

two outlets, station selectors A and B. Only +5Q y ^ 0nly R fgw Qf ^ elements of 

one A outlet in a bank and only one B outlet X S-GOI (se veral relays), TS-G07, and TS-GO8 

in the same bank may be selected simultane- afe shown> as murtrBtlve t he others TS-G02 

ously. The sockets ASSP or BSSP may be tQ 6 being m ft arrangement and con . 

plugged to all of the eight Group Out plug 65 ted fo kets XS-GOS2 to 6 (Fig. 53b) . 
sockets TS-GOP, if it is desired to read out only 
one station at a time upon any selected Out 
bus-set. If it is desired to read out at least 
two stations of a bank simultaneously, then 

S^^^Ss^S^td 70 connected by plugging to .ASP and a circuit 
the sockets BSSP are plugged to the remaining 
four sets of plug sockets TS-GOP. Then, the 
outlet A of one station and the outlet B of an 



Likewise, the sequence means selects either the 
ASS or BSS relay of a desired station. Con- 
sidering, for instance, relay I ASS (Fig. 32c), the 
sequence means will ground the socket IASPP 



will thereupon be completed via a normally 
closed relay point lACLa through the relay I ASS 
to the +50 v. line. Energized relay I ASS will 



Other station may be operated simultaneously 75 shift the contacts I ASSa so that when the pick 
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up 4*ln^t5,ofed4ie^#9jEi4^s,2jHtie; i«laysj*ill 
momentarily .'iremain e energized i; through : ±he 
shafted ^pomtetand acserie&icapacitor. It will 
be recognizedjitoatojttias^polnts; a;of JASS along 
with, the .associated capacitor and resistor con- 
stitute, art .arc suppressor scrangement. 

The data designated on a line of the tape 
under the - read- : brushes rof ithei selected station 
are read out. while the record tape is at rest. 



lays/ACIi and^CCIiifor controlling points in the 
path Joftiitheifcarwardifsi^al-rfrom- the station. 
Each ;of these' paths also extends through the 
contact i8 1 .fofreitherethe. ASS ;ok BBS relay as- 
sociated withother^ .. All the points 81 of 
theVrelays, AS&.tare cconnected in common to 
sorkets. AFS-.and all the .points 81. of the relays 
BSSjareccommnnlje wired tc the: sockets BFS. 
aaniresponse.ta - receipt of. a; forward signal, a 



A typical readout circuit is: ,B!rom the -f 150 v.: 101 pilob-unit.:-will;-Bpex-ate:to produce the entry tim- 



ing- jsignalYOufc to iES (seerMgs: 21 and 22), caus- 
in6>jthe:informatiDn;applied from the record tape 
to* the|;!66ufe ; ihus-set:5to :be entered linto the cor- 
r^pohlding xelectrDnio : storage:unit. 
;!:sAfter5thai pilot unit, hascsent forth the entry 
signal? ifcsends;aut a Move signal, generally desig- 
natBdf 8MS/ ); 3^ia;.isignal is a negative going 
R.ulsejonti.the husi8a:of.; the Out bust-set associ- 
ated; \&th, thaipilot unit. Depending on the pro- 



line ( Pig. 'S2(i> . through the common .brush GB, 
the contact cylinder 1 1 b, the brush RB3 sensing 
a perforation in binary position. 2, column is (see 
Fig. 4a), tfaemirta contact IASS3 or IBSS3 (de- 
pending on whether the I ASS or IBSS relay . 15 
has been, energized),. ta<the;, plug; socket;; 2;? in 
column IkofvASSR-! toetc-Msi •S4)KGr i ;to^ef cor- 
responding socket: BSSP. a plug, .connection 
from, say the ASSFiBOcket.MtheiCQrriBsponding 

socket of TS-GOP I. for instance, and via the 20 gram or- coding, the. Move signal will or will not 
contacts 3 of TSrGOi ; taibus; !,ccolumn fcsOf «ie beteiTecti.vej.-to, produce axstep of advance of the 
Out bus.-sefc, I. seJeoted station; from;; whichatha information 

• The. above \ circuit: 5 applies; .increased;. potential haa.toeen. read-out. j -.Etor each- taper storage group 
to a. bus of the Out bus-get. ,, This increased po- there -are twomovffirelayssMAandtMB :(Fig. .32c) . 
temtial is applied :; to the suppressor of a tube. 2.. If . the program calls for the movement of the 
Out En (see Rg. 21) of Jh©;; electronic storage tapevofaany :; selected:!. A : station; selector in the 
unit associated : with the selected Out bus-set. <««up.. then, the relay MA will be energized. If 
In the i foregoing manner, the information read theuprogram caJls s for,>moyementlof ; the. tape, to 
out of a designation line ; ofs, the: .tape at: the-,se- any statipniselector-Bam.the .group then; the re- 
lected stations is-s represented by increased po-. 30-; lay MB will be energized, at.is clear that since 
tentialS!;seleotiyely«applijed< rto, the.tubes Out En tw stationssitt a,sraup anay be aead ;out con- 
associated with^tiievelecltronic storage unit fixedly Qurreatly; r one ; . through its:) Asstation selector 
related to 1 the jseiected Out busrset (see Sec- and jthei.other; through its BstaMonjselector, that 
tion, 6) . both the?r,elayS.3MA:iand:EMBumay:,he.Bimulta- 

At: ttietfsame; .ttoe^^»at**he';infwn>ationrfrom y 35 : neously energized. When the program calls for 
the record, tape.; is applied, to the selected Out movement of a .tape .at a station which has been 
bussset, a forward signal is applied to the bus 8 1 read cut ithroughats selector A, then the sequence 
of this same .busrset. f -,- Assuming, .that i station I means' operates in a-manner •described in Section 
is being read.out to Out busrset I, the. forward ll.,.to. apply ground to. acsacket-MAPP : plugged 
signal circuit -extends from the +150 v. -line,? 40.1 tq^JW^r^feeisfoy ^establishing: the circuit of re- 
through- normally .closed .contacts -| ACLo and lajisMA. Li 9imil«$ly^«ise(iue2^iiieaiis'.may ap- 



LCGha, : thence. ■ via «pntaptS; , 8 1 of r.-the: active 
i ASS or iBSS relay, and either to a;hubiof>the 
plug, sockets- AFS^sor, .BPS. i If station .selector 
relay fil-ASSv,has;.fbeen energized, then the for- 
ward : signal' ^circuit will be; ; directed to, a plug 
socket. AFS while if the : relay <BSS has been 
(Jiergteed,' the-, forward. : signal circuit will be di- 
rected to a socket . BPS. . If the -sockets! ASSP 
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the socket ;S I a of j the same group. TS-GOP I (see 
also .pig. 34) . - On 'the oth'Mr hand, if the sockets 
BSSP have been plugged to the sockets TS-GOP I , 



plyrcucrenfotQ tsocket MBH to energize relay MB. 
Ifteitfcer of Qaesei relayssMA and MB are ener- 
g.iBedi!.Ahen)the< Move signal Mh. be -effective to 
cause aiiStepjof vadvancejof aeselected station in 
the group. 

< There; is a. Move signal receiving circuit asso- 
ciated witteeach Qutifcus^set. ^Fig_32a shows the 
recefestaf circuits! associated-.with; the Out bus- 
have- been , plugged, for,;. instance , to the : sockets , _ , sets j and 8. Bus 82 of Out bus-set I: (Pig. 32b) 
TS-GOP I v the-, socket APS will be ; plugged -to is«o.upled-tt>thacontroligarid of:an amplifier tube 

MSTI . - Normally, the bus: 82 is at its upper level 
of !ipe^ential;-;.maintaining lithe . .tube conductive. 
The mmative . going.;: Move;. signal , on bus 82 ■ cuts 
then a- Plug connection; will be made between, off: sthe. .tube 'allowing; its. plate, potential to rise. 
BFS and the-socket'8< ;of TS-QOPl. ■ The^or- Simna^Jy-,r;i(?hevbuS988;.of ..Out.bus^set 8 is coupled 
ward signal circuit will continue -viaiithe. cpn- to : a-itubejMeTgjand a Move; signal on this bus 
tacts . 8 1 of TSM30I to bu?«8| of: -the ; selected Will'-sut-; off; fthis i.tube.- iIsaoewise,:all. the - other 
Out bus-set I. The forward - .signal ,-isj trans- Out bugfs.eteihaye their, buses. "82 coupled ito tubes 
mitted by this ..bus /to. j pilot runlt; I , • : associated ; 6&l generally ^esiSitatedMST-^ach'in ai-Movesignal 
with Out busrset I, - informing; this pilot;; unit receiving? circuit, (ffor;. simplicity 1 of explanation, 

assume that istaiion lahas been read out to Out 
bus r set tirand is- now .;ta he. advanced a single 
step.; The-Mo.ve5'6ignalioni\busc82 of iOut bus- 
05 • set I euts pffj-tube MSTtr which- thereupon ap- 
plies a positive going pulse :. via. a capacitor to 
the - contacts '82 of TS=-GO(. It :is , clear : that 
TS-GOI iSiin-mergjEed condition-under the as- 
sumBtton-ihat- Out bus-set :i has ! been selected to 
out . later;..in; ttoi5rsectaoni;:thef:relays. ! JACI< sand 70 . receive information. Accordingly,' 'contacts - 82 
lCCL.;arerdeener^i4edJwliile'jthe:,tape^^^ of TS-^GOI are closed and the .positive going 

I is at rest. i : There~are;:smiLlar: circuit.paths' f or pulses istappliieditherethroUgh-to-the plug socket 
thfe forward si^taJfironv each of the ten stations 82nof TS^aQP I . ■ r This; sOeket'-may. he plugged 
of a:,itapeiatoi!a«egroup.ai'Each station has -as- eitoerijta aj;hub;offMove^sigriar's6ckets AMS°or 
soi4aiiedieieEe«atai;corjrespondingly numbefied re*. 75^ to ^.habrofcMove signal soekets BMS (also see 



that the inf ormatton : from the; selected .station 
has been; applied to the selected Out bus-set and 
is ready to. be- •, entered unto - ;electrjonie storage 
unit. ESI (Pig.- 22). :In other words, the for- 
ward signal is ;an lindication that the proper 
Group Out has • been .operated.- 'that the proper 
station selector has been;.Qperated,:.and that ; -the 
station drum isnot.itt motjpn. sAswill : be brought 
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Pig. 34) depending on whether it is intended 
to read out selected station I through its A sta- 
tion selector or its B station selector. Assume 
that station I selector A is being used. Accord- 
ingly, the plugging will be from the socket 82 of 
TS-GOPI to a socket of the bank AMS. The 
positive impulse applied from the plate of tube 
MSTI will therefore proceed to the points a of 
the relay MA. Under the assumed conditions 



of the tube MSK is coupled through cbntacts b 
of a relay I CCL and the timer 1 for the entire 
bank of ten stations to the +150 v. line. The 
timer 1 makes in synchronism with the passage 
of ratchet teeth 23 (Pig. 6) across the clutch 
dog 30d. When timer 1 makes, it allows the 
tube MSK to conduct under the influence of the 
reversed Move circuit trigger. As soon as MSK 
becomes conductive, it. establishes the circuit of 



the relay MA will have been energized and its io. coil p of the duo- wound relay IBCL. As this 



contacts a will be closed. The positive pulse 
will then proceed further through the contacts 
82 (closed under the assumed conditions) of 
I ASS to the station I Move network. If the 



relay is energized, its points a, b and e (Pig. 32c) 
close. 

Referring to Fig. 33, it is seen that the make 
times of timers 1 and 2 alternate with respect 



program had called for station I to be read out 15 to each other. After the timer 1 has operated 



through its B station selector and for movement 
of the station to be effected, the relay MB would 
have been energized and closed its contacts 0 
and also the relay contacts IBSS82 would be 



to cause the pick-up coil of relay IBCL to be 
energized, the timer 2 makes and renders a tube 
MSG conductive so as to establish the circuit 
of a delay relay MRG. After a slight delay, 



closed. Further, the plugging would have been 20 . the relay MRG is effective to close its contacts a 
from socket 82 of TS-GOPI to the socket BMS (see Fig. 32c). Since the contacts a, b and c of 
and the positive impulse from the plate of tube relay IBCL have previously been closed, the fol- 
MSTI would have been directed to the station lowing circuits are now completed upon the clo- 
I Move network via the contacts a of MB and sure of contacts a of MRG. One of these cir- 
the contacts 82 of IBSS. There is a similar Move 25 cuits extends from ground via o of MRG and c of 



network for each of the ten stations. Each of 
the Move networks may selectively receive a pos- 
itive pulse resulting from the Move signal com- 
ing from any of the Out bus-sets. Further, the 
positive pulse may be applied either through con- 
tacts 82 of the A or B station selector to the 
corresponding station Move network. While 
only the station I network is shown, it is to be 
understood that all the other station Move net- 
works are similar. 

To follow up the assumed example, a Move 
signal has been applied from bus 82 of Out bus- 
set I to the receiving network for the Move sig- 
nal of this bus-set and the amplified inverted 



BCL through the clutch magnet 1SCM for station 
i, to the +50 v. line. Another of the circuits is 
completed via a of MRG and b of BCL through 
the coil h of BCL. A third circuit is completed 
30 via a of MRG and a of BCL through the pick- 
up coil p of a duo-wound relay I CCL. Contacts 
c of this relay close and the circuit of its coil h 
is established via these contacts and the now 
closed contacts c of I ACL. Relay I CCL opens 
35 contacts b (Fig. 32b) to prevent the picking up 
of relay IBCL for a second time within one move 
period. Relay I CCL also opens contacts a (Pig. 
32a) to form another open point in the forward 
signal circuit. It may be seen from Pig. 33 that 



signal directed to the station I Move network. 40 timer 1 causes the relay IBCL to be energized 



This amplified positive signal renders the tube 
I MSA in the station 1 Move network conductive. 
The output of this tube is coupled to a Move 
circuit trigger in the station I Move network. 



prior to the operation of timer 2 in bringing 
about the energization of relay MRG. Accord- 
ingly, the circuit through the clutch magnet 
ISCM will be made for a complete make period 



This trigger includes the tubes MSR and MSL 45 of the timer 2. In other words, the timing is 
retroactively coupled, plate to control grid. The such that even though the Move signal is re- 
constants shown for the trigger are such as to ceived at a time which is random with respect 
make it a double stability trigger of not too acute to the timers 1 and 2, these timers serve to in- 
sensitivity. When tube IMSA is made conduc- sure a full duration (make period of timer 2) of 
tive, it forces down the plate potential of tube 50 energizing pulse for the selected clutch magnet. 
MSR of the trigger, thereby turning the trigger Further, the timer 2 is so timed with respect to 
to the condition in which tube MSR is conduc- the travel of the clutch teeth past the clutch 
tive and tube MSL is non-conductive. When dog as to cause the circuit of the clutch magnet 
tube MSR becomes conductive, it establishes the to be completed for tripping the clutch dog at 
circuit of the pick-up coil p of a delay relay I ACL 55 a favorable time with respect to the clutch teeth, 
of the type previously discussed in Section 3e. After the clutch of the selected station starts 
After a momentary delay, the energization of re- to turn, the station commutator 44 — 44b (see 
lay I ACL opens its contacts b in the forward Figs. 9 and 32b) makes and grounds the screen 
signal circuit (see Fig. 32a) . Further, the re- grid of the tube MSR, cutting off this tube so as 
lay I ACL opens the contacts a in the pick-up 60 to return the Move circuit trigger to its initial 



circuit for the station selector relays I ASS or 
IBSS (see Fig. 32c). It is clear thus far that 
as a result of the Move signal the previously se- 
lected station from which information has been 
read out is isolated from the selected Out bus- 
set and also the forward signal is terminated. 
Accordingly, after the Move signal has been ap- 
plied, information cannot be read out from a 
station and a forward signal cannot be trans- 
mitted to a pilot unit. 

When the Move circuit trigger (Fig. 32b) is in 
reversed status in which the tube MSL is non- 
conductive and the tube MSR is conductive, the 
tube MSL is applying increased potential to the 



condition. Upon the return of the trigger, the 
circuit of relay I ACL is disestablished and the 
points c of the relay open after an appropriate 
delay so as to drop out the relay I CCL. The 
05 relays I ACL and I CCL, being deenergized, per- 
mit their respective contacts b and a (see Fig. 
32a) in the forward signal circuit paths to re- 
close. Also, the contacts a of relay I ACL reclose 
<see Fig. 32c) to allow the station selector relays 
70 I ASS or IBSS to be picked up again, if called for. 
As described in Section 2b, each of the stations 
has a Move key SMK. Closure of this key switch 
establishes the circuit of the clutch magnet SCM 
for the station (see Fig. 32c). By this means. 



control grid of a tube MSK. The screen grid 75 the tape at a station may be advanced under 
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manual costror: so as ■ to-- position any desired 
designation; line of the tape under the read 
brushes BB. 

10. The table look-up (Fig. 35) 

The table look-up apparatus? is disclosed in 
detail in previously mentioned application Serial 
No. 768,000 of F. E. Hamilton et al., filed August 
14, 1947 . Briefly, the table look-up apparatus 
includes 36 tape stations which may be used to 
carry record tapes bearing, ;in coded form, 
mathematical tables of arguments and related 
function values. A table may be distributed over 
one or more tapes and a maximum of six tables 
may be handled by the table look-up means with- 
out changing the-tapes. at the; stations. - The 
sequence or program means v^Sectibnil Dese- 
lects a table from which a tape argument arid 
function values are to be taken. The tape argu- 
ment (and its function values) is -selected by 
comparison with a computed' argument which 
is obtained from a selected value source in. the 
machine. The computed argument will be routed 
by way of a selected electronic storage -unit to 
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relays I to 22 and to the' +150- valine. ! Tfcis 3hi- 
derstood now that digits are represented on 
the In bus columns by permutations of , non-re- 
duced and reduced potentials which reduced 
potentials may be taken as about 50 v. Accord- 
ingly, the circuit just traced will cause energiza- 
tion of the relays of TCAI to :22isel*ctively in ac- 
cordance with the permutations of voltages 
representative of the digits present on the In 
bus-set I. In tho foregoing manner a com- 
puted argument may be appUed to a temporary 
computed argument storage. 

In the manner described in the aforementioned 
application, the Internal operation of the table 
look-up apparatus will be initiated by energiza- 
tion of relay B I 1 . The circuit for energizing this 
relay will be. explained subsequently. 

After comparison withthe computed argument 
has located the desired tape argument and its 
function values on the particular tope at -the 
particular one of ; the 36 tape stations in the' se- 
lected table, the f miction values as well as the 
tape argument may be read out to a selected Out 
bus-set. Pig. 35 shows at the right hand side 
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the* associated In bus-set and then by way Of 2 - the essential elements for reading out selected 



a corresponding table look-up" Group In and 
Table In and plugging (see Fig. 35)- to a tem- 
porary computed argument; storage ; device. 
•j If a sequence field calls for a table look-up 
operation, it calls for selection of one Of the 
six Table Ins- and- also for selection of one of 
the table look-up Group Ins. There are six 
Table Ins;: one for -oaeli : table"' Which may be 
looked iup. Each Table In hicludes a gang re- 
lay TL and its contacts I to 22. There are eight 
Group Ins, each associated with one of the 
eight In bus-sets. Fig. 35 shows, as illustrative, 
Table Ins l and 6, and Group Ins i and S asso- 
ciated with In bus-sets I and 8. '£ Each Group 
In includes a gang relay TLU-GI and contacts 
I to 80 connected to columns 1 to 20 buses of 
the related In bus-set. The corresponding con- 
tacts I to -80 of all eight ' Group Ins are com- 
monly connected- to sockets I to ; '8!l of a group 
of plug sockets BP. i These sockets are variously 
plugged to plug sockets I to" 22 of the different 
groups of sockets ITP to 6TP. Each group of 
sockets TP is connected through contacts I 
to 2 2 : of a Table In relay TL to elements of the 
temporary computed argument storage device, 
which include relays TOA I to 2 2 . The Corre- 
sponding contacts I to 22 of the different re- 
lays TLI to TLS are commonly connected to the 
relay elements TCAI to 2 2, respectively. 

Assume, for instance, that a computed argu- 
ment is to be used to select a tape argument from 
table 1 and that the computed argument Is to 
be derived from electronic storage unit I. The 
sequence means (Section 11) will cause the table 
look-up Group In relay TLU-GI I to be energized 
and also will cause the Table In relay TLI to 
be energized. The computed argument is limited 
in the present case to a Ave decimal place num- 
ber and a sign.. Such decimal place number and 
sign occupy 22 binary term positions. Therefore, ( .- 
any of the sockets BP I to 80 may be plugged to 
the sockets I to 22 of the sets ITP to 6TP. After 
the energization of relays TLU-GI I and TLI, 
the computed argument present on the buses of 
In bus-set I will be transmitted, as will be ex- 
plained further; in Section 20, by way of the 
contacts of the Group In I to the plug sockets 
BP and via -plugging to sockets I to 22 of ITP, 
thence by way of the contacts I to 22 of TLI 



values. When the program means calls for table 
values to be read out, it calls for energization of 
one of the ; six Table 2 Ckit relays JTO to 6TO 
and of the table look-up Group Out relay 
TLU-GO which is associated with the Out tous- 
set intended; ; to receivetthetitable' values. The 
table look-up apparatus includes station outlet 
relays ASS and BSS which function similarly to 
the relays ASS and BSS described in connection 
with tape storage (Section 9) . The; selection Of 
the station relays ASS and. BSS of the table 
look-up apparatus; will *.nofc be; described herein 
as it is fully : explained "in" the aforementioned 
co-pending application. It is sufficient to state 
that when a Table Out relay- is energized it com- 
pletes, a circuit through the relay. ASS or BSS 
of the station (selected by the internal opera- 
tion of the ;: table look-up) containing the se- 
lected tape argument and function values. The 
selected station relay closes its: contacts 3 to 
80 connected to the read brushes of . the tape 
at the station selected. It:;, is to" be noted 
that each Table Out includes a set of A con- 
tacts 3 to 80 and a set of B contacts 3 to 80. 
The contacts 3 to 80 of all the station relays ASS 
are connected in common to points 3 to 80, re- 
spectively, of the different . sets I A to 6 A op- 
erated by the six Table Out relays ITO to 6TO. 
Likewise, the contacts 3 to 80 of all the station 
relays BSS are connected in common to all the 
B sets of contacts 3 to 80. The contacts 3 to 80 
of each A and B set terminate at A and B sets, 
respectively, of plug sockets B03 to 80. These 
are variously pluggable, according - to require- 
ments to the sockets ROGl to ROG8. Sockets 
3 to 80 in each set of sockets' BOG are eonnect- 
able via contacts 3 to 80 of a Group Out to 
columns 1 to 20 buses of the related Out bus-set. 

Assume; for instance, that station I is in table 
6 and that a selected <value- is to be read out of 
station I through outlet IASS and upon Out bus- 
set I. Further, assume that the table out relay 
6TO and table iook-up relay TLU-GO I have been 
energized. Accordingly, readout circuits- will be 
70 established from the +150 v. -line i through the 
sensing -m'eans-'-for" station , I , contacts 3 to- "80 ' of 
I ASS, contacts 3 to 8 0 "of the 6A" set' operated' by 
-relay 6TO,' thence to sbckets'-BQ'bf'-the 6A set 
and by plugging to sockets actd"80ibf.'the group 
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to the temporary computed argument storage 75 BOG I and the contacts » to ' 8ff operated by relay 
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TLU-GOI, to columns 1 to 20 buses of Out bus- 
set I. 

11. Sequence storage and related circuits 

Sequence storage comprises means to receive 
and store sequence data and to control the pro- 
gram of machine operations in accordance with 
such data. The sequence data generally origi- 
nate in the program tapes (see Section 2a) but 
may be derived from other sources such as relay 
storage (Section 7) or dial storage (Section 8). 

Sequence storage is made up of two identical 
units, one called the A side, the other the B side. 
Each side is adapted to receive a complete set 
of sequence data. As explained in Section 2a, 
each set of sequence data consists of the 20 col- 
umns of SISeq data (see Fig. 3) and the 20 col- 
umns of S2Seq data (see Fig. 4) . The two iden- 
tical sides A and B of sequence storage are pro- 
vided in order to speed up operations of the ma- 
chine since one side will receive a set of sequence 
data while the other side is still controlling per 
a preceding set of sequence data. Furthermore, 
there is some overlap in time between the func- 
tioning of the two sequence storage sides or units, 25 
to the end of speeding up the program of opera- 
tions. 

Except for an initial so-called artificial line 
of sequence data, the sequence data is routed 
to sequence storage through a pair of chosen elec- 
tronic storage units. It may be assumed here 
that the electronic storage units EST and ESS 
are the chosen units. ES7 will contain an SISeq 
line of data and ESS will contain an S2Seq line 
of data. The pilot units 7 and 8 (see Figs. 80a 
to 80e and 81) will operate, in a manner de- 
scribed later in Section 16b, Item 31, to apply the 
exit signals EST to In and ES8 to In (see Fig. 22) 
to electronic storage units ES7 and ES8 respec- 
tively. As a result the sequence data in ES7 and 
ES8 will be applied to the In bus-sets 7 and 8. 

The A and B sides of sequence storage are to 
receive the sequence data alternately from the 
In bus-sets 7 and 8. For this purpose two relays 
AM and BM (Pig. 36) are alternately energized. 
Energization of AM will, in a manner of speak- 
ing, open the A side of sequence storage to the 
reception of sequence data while energization of 
BM will similarlly open the B side of sequence 
storage. 

Referring to Fig. 36, when AM is energized, it 
closes its several points a to establish the circuits 
of a number of relays AS. The circuit for a re- 
lay AS extends from the +50 v. line through the 
relay and points a of AM to ground. Relay AM 
when energized also closes its points b to estab- 
lish the circuit of a delay relay AMD of the type 
described in Section 3c. Relay AMD closes its 
several points a which are in arc suppressing 
circuits for the points AMa and AMDa. Each 
such arc suppressing circuit comprises a con- 
denser AMC and a parallel, high ohmic resistor. 
Upon deenergization of AM, the deenergization 
of AMD is delayed slightly and its points a re- 
main momentarily closed, allowing the conden- 
sers AMC to charge so that the circuits of relays 
AS decay relatively gradually with the result that 
the arcing of points AMa and AMDa is virtually 
suppressed. 

The points of relays AS close so as to prepare 
circuits to be made through the so-called Inter- 
mediate relays AI in the A side of sequence stor- 
age. There is one group of relays AI for each 
column of SISeq data and S2Seq data (see Figs. 
37, 38 and 39). Most of the relays AI are duo- 



wound, 4 or 6-position relays of the type de- 
scribed in Section 3c. Others of the relays AI, as 
in columns 20 of SI and S2 sequence storage, are 
12-position relays with only a single effective 
winding. The circuits of relays AI for storing 
the SISeq data are similar to those for the S2Seq 
data and hence, only illustrative circuits for the 
SISeq data are shown and will be described in 
sufficient detail. Considering, now, the SISeq A 
side relays, the pick-up circuits of relays AI are 
connected by respective points ASa to the proper 
buses of In bus-set 7. Through these buses the 
pick-up circuits are connected to the plate cir- 
cuits of the tubes In-Ex (Fig. 21) of the columns 
of electronic storage unit ES7. As may be un- 
derstood from' the previous description of elec- 
tronic storage (Section 6), the tubes In-Ex of 
ES7 are selectively rendered conductive upon the 
receipt of the exit signal ES7 to In (see also Fig. 
22) so as to manifest the binary digits stored in 
ES7. Each such tube when rendered conductive 
is limited to drawing current for only one relay 
circuit. Accordingly, with the exception of the 
units order SI relays AI for positions 8, 4 and 2 
there is only one single coil relay AI or duo-wound 
relay AI for each binary position in the sequence 
data. Since the number of circuits to be han- 
dled by sequence storage far exceeds the capacity 
of one relay per binary position, so-called se- 
quence storage A side operational relays AOP 
are provided to be picked up in multiple by points 
of the relays AI. As many as thirty 12-point 
relays AOP may be provided for a single binary 
position of sequence data. Each column group 
of relays AI will thus pick up a corresponding 
column group of relays AOP (see Figs. 38, 41 and 
42) but the number of relays AOP in each group 
is a multiple of the number of relays AI in the 
corresponding group. The prime purpose of re- 
lays AOP is to operate the necessary points in 
permutation circuits for converting the combina- 
tional binary coded sequence data numbers into 
related control functions. There is one function 
called "early and late" function which may be 
called for by the SI data. If called for, it is to 
be brought into action before the other functions 
which are ordered by sequence data. The AOP 
relays are picked up under control of relays AI 
and hence subsequently to energization of relays 
AI. In order to provide for operation of the 
"early and late" permutation circuits prior to op- 
eration of the other permutation circuits, it is 
desired to use the earlier energized relays AI of 
the S I group for operating the points of the "early 
and late" permutation circuits. The number of 
points in the units order of the latter circuits ex- 
ceeds the capacity of four six-point relays AI, one 
for each binary position of column 20 (units or- 
der) of SI data. Hence, the SI column 20 group 
of relays AI is made up of 12-point relays of 
which there is one for binary position 1 and sev- 
eral for each of the other binary positions 8 4 
and 2 (see Fig. 37) . To provide the power nec- 
essary to pick up the relays AI for each of the 
binary positions 2, 4, and 8 in column 20, ampli- 
fication between the corresponding buses of In 
bus-set 7 and the relays is resorted to. When 
the ASa points have been closed and the exit 
timing signal ES7 to In has been applied to ES7 
the tubes In-Ex of ES7 are selectively rendered 
conductive to produce reduced digit representing 
potentials upon the buses of In bus-set 7. With 
respect to buses 8, 4 and 2 of column 20, they are 
brought to terminals SIG8, 4 and 2 which are 
75 wired to correspondingly named terminals in Fig, 
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77b. Reduced potential oh S IG2 is amplified by 
128, Pig. 77b, and 110, 100, 90 and 80. The out- 
put of the latter four tubes goes to terminal 
SIP2 which is connected to the correspondingly 
named terminal in Pig. 37. When reduced po- 
tential is produced on terminal SIPS, current 
flows through a point ASa and a group of relays 
AI2 in column 20 to the +150 v. line. Similar- 
ly, reduced potential on S1G4 (Pig. 37) Is ampli- 
fied by 80a, 50 and 46 in Fig. 77b and the ampli- 
fied current fed via SIP4 and a point ASa (Fig. 
87) to a group of relays AM in column 20. Fi- 
nally, reduced potential on SIG8 is amplified by 
18, 30 and 20 (Fig. 77b) and the amplified power 
fed Via SIP8 to a group of relays AI8 in Pig. 37. 
Thus, groups of 12-position, single coil relays AI 
for binary positions 2, 4, and 8 in column 20 are 
selectively energized. Only one 12-position, sin- 
gle ooll relay AI is required for position 1 in col- 
umn 20. For this relay, the bus 1 in column 20 
of In bus 7 connects via a point ASa to relay AI 
for position 1 of column 20 and the circuit may 
be completed therethrough to the +150 v. line. 
The circuit of AI in position 1 of column 20 is 
typical of the circuit of other 12-position, single 
coil relays AI associated directly with buses of 
an In bus-set. When a single coil relay AI is 
energised, it establishes its hold circuit from the 
+150 v. line through the relay, a series resis- 
tor, the relay stick points a, and via normally 
Closed points of a relay AIR, to ground. 

With respect to the duo-wound, 4 or 6-posi- 
tlon AI relays, their pick-up coils p are connect- 
ed directly via points o of AS to the proper buses 
of In bus-set 7. Ah energising circuit may be 
completed from such bus, when at reduced poten- 
tial, via a point ASa through the pick up coil p 
*hd to the +150 v. line. The companion hold 
coil h of the relay is then energized by a circuit 
from the +50 v. line through the hold coil, the 
■relay stick point « and normally closed AIRa 
points to ground. 

When a relay AI is energized, it closes its points 
b, ah Illustrative pair Of which are shown in Fig. 
41, to pick up a multiple number of relays AGP. 
A typical pick-up circuit extends from the +50 
v. line through a plurality of relays AOP (in par- 
allel) and via a how closed pair of points Alb to 
ground. A hold circuit for the plurality cf relays 
AOP is made from the +50 v. line, through the 
plurality of relays and via one or more of the 
relay stick points a '(only one is shown for a 
group) and via normally closed points a of an A 
side operational reset relay AOR to ground. It 
may be mentioned that each of the normally 
closed contacts a of AIR (see Pig. 37) and of the 
relays AOR (see Pig. 41) is protected by an arc 
reducing parallel condenser and resistor arrange- 
ment, as indicated for one of the contacts in 
each of Figs. 37 and 41. 

For simplicity, only a few of the circuits for 
the AI and AOP relays in the SISeq A side of 
sequence storage have been shown, the other cir- 
cuits being similar. There are duplicate sets of 
relays AI and AOP for the S2Seq A side of se- 
quence storage (see Figs. 39 and 43) . However, 
it is understood that the relays AI in the S2Seq 
A side are energized selectively under control of 
electronic storage unit ES8 acting via In bus-set 
8. Also, the terminals S2G8. 4 and 2 and S2P8, 
4 and 2 <(&jg. 39) correspond to the similar ter- 
minals SIG and SIP <Fig. 37). The terminals 
62G are connected to the amplifiers shown in 
Fig. 776 and the outputs of these amplifiers are 
directed to the terminate S2P. 



The B side of sequence storage is a duplicate 
of the A side and each of the input connections 
to the relays AI of the SISeq A side and S2Seq 
A side is wired to a corresponding relay BI in the 

5 SISeq B side and S2Seq B side. The circuits of 
relays BI are established via points a of BS and 
are held via points a of BIR (Pig. 37) . The cir- 
cuits of relays BOP are similar to the circuits of 
AOP but are established via points b of relays 

10 BI and are held through points a of relays BOR 
(see Fig. 41). 

The artificial line of sequence. — Mention has 
been made of an initial artificial line of sequence 
data. This consists only of S I or S2 data or both 

15 and is inserted in sequence storage under man- 
ual control, as the starting instruction for the 
sequencing of operations of a problem. In other 
words, the artificial line of sequence data pro- 
vides directions as to where the first real set or 

20 line of sequence data is to be obtained. By a 
real set of sequence data is meant such data as is 
called out automatically from tape storage or 
relay storage or other source for sequencing op- 
erations leading to the solution of a problem. 

25 The SI and S2 data for the artificial line of se- 
quence are set on dial switches DSI and DS2 
(Fig. 40) respectively. Each dial switch DS is 
of the same type as a switch DST (Pig. 23) 
described in Section 8 on Dial Storage. Briefly, 

3D the internal wiring of a dial switch is such that a 
decimal notation digit set up on the dial will 
be read out in binary decimal form. The wires 
■■8,-4, 2 and I coming from a dial DSI are as- 
sociated with relay contacts SIRa. There are 

35 four contacts for each dial and they connect to 
the buses 8, 4, 2 and I in column 19 or 20 of 
In bus-set 7 or 8. As shown in Pig. 40, the dial 
DSI (tens) is set at 0, the dial DSI (units) is 
set at 1, and the dials DS2 are set at 02. The teh3 

40 and units dials DSI are respectively connected 
through the contacts SIRa to the buses in col- 
umns 19 and 20 of In bus-set 7. Similarly, the 
tens and units dials DS2 are connected by points 
S2Ra to columns 19 and 20 of In bus-set 8. In 

45 order to enter the artificial line of sequence data 
into sequence storage, the operator closes 
switches SSI and SS2 (Fig. 40a) or either one. 
The closure of the switch SSI establishes the 
circuit of relay SIR from the +50 v. line through 

50 the relay and the switch to ground. Likewise, 
the closure of switch SS2 establishes the cir- 
cuit of S2R. The energization of SIR closes 
its points a so as to cause the S I data set up on 
the dials DSI to be applied to columns 19 and 20 

55 of In bus-set 7. Assume, for instance, that the 
tens dials DSI were set to digit position 7. A cir- 
cuit would then be established from ground 
through the switch arm of this dial, to the "7" 
segment in the inner circle and thence to the "1" 

60 output wire and the connected points SIRa to 
bus I, column 19. of In bus-set 7; another circuit 
would be established from ground through the 
switch arm, the "7" segment in the second circle 
and via the output wire 2 and the connected 

05 points SIRa to bus 2, column 19, In bus-set 7; 
•and a third circuit would be established from 
ground via the switch arm, the "7" segment in 
the outer circle to the "4" output line and via 
connected points SIRa to bus 4, column 19, In 

70 bus-set 7. 

It is clear now that upon the closure of 
switches SSI and SS2, reduced (ground;) poten- 
tial will be selectively applied to the buses of 
columns 19 and 20 of In bus-sets 7 and 8 accord- 

75. ingto the SI and S2 data set on the dial switches 
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DSI and DS2. These reduced potentials may 
serve in the same way as the reduced potentials 
produced on the buses under control of elec- 
tronic storage units EST and ES8 to enter the SI 
and S2 data into the A or B side of sequence 
storage, depending on which side is open. Actual- 
ly the artificial line of sequence will be applied 
to the A side and enter the intermediate storage 
relays AI of columns 19 and 20 in the SISeq A 
side and the S2Seq A side of sequence storage. 
The switches SSI and SS2 are closed only mo- 
mentarily by the operator since entry of the SI 
and S2 data is effected very rapidly and after 
such entry it is desired that the switches be re- 
opened. 

As stated before, the relays AOP provide the 
necessary contacts in permutation circuits for 
translating the coded sequence data into the 
designated control functions. Also, the relays 
AI of columns 19 and 20 operate contacts in 
"early and late" permutation circuits. The BOP 
relays and the BI relays of columns 19 and 20 
operate similar permutation circuits. In gen- 
eral the permutation circuits function to effect a 
conversion from the binary decimal code system 
to the single-point decimal notation system. The 
chief device for making the conversion is a so- 
called tree. Although several arrangements of 
the tree points are possible, they produce the 
same result and the choice depends largely on 
ease of wiring. A preferred tree arrangement is 
shown in Fig. 45. This is a full tree and is made 
up of points operated by four AOP (or BOP or 
AI or BI) relays storing the binary decimal terms 
of a digit of sequence data. The input to the 
tree is adapted to be placed in circuit either with 
the plate of a tube or with ground. When the 
tube is made conductive or the connection to 
ground is completed, the tree is said to be heated. 
There are ten possible outputs of the tree and 
these outputs are designated 0, 1,2-.. : 9. The 
points are so arranged that if the sequence digit 
is 0, a circuit path is established from the input 
via the normally closed points la, 8b, 4b and 2d 
to the output terminal "0." If the sequence digit 
is 1, then points la are shifted, and a circuit 
path is closed from the input via the shifted 
points la and the normally closed sides of 8a, 4a 
and 2b to the output terminal "1." As another ex- 
ample, if the sequence digit is 7, then the points 
la, 4a and 4b and the points 2a, 2b, 2c and 2d 
are shifted. A circuit path is then established 
from the input via the shifted points la, the nor- 
mally closed side of 8a, the shifted points 4a 
and the shifted points 2a to the output terminal 
"7." Similarly, for any other binary decimal 
coded sequence digit, a circuit path is estab- 
lished from the input terminal of the tree to 
the output terminal corresponding to the decimal 
notation digit represented by the binary decimal 
terms. 

Fig. 45a shows the block diagram representing 
a full tree. One or more Of the output terminals 
of a tree related to a column of sequence data 
may be connected to the inputs of a plurality of 
other trees. Such an arrangement may be re- 
ferred to as a tree pyramid, which may be rep- 
resented diagrammatically as indicated in Fig. 50, 
for example. Hereaf ter, the AOP or BOP relays 
may simply be identified by the symbol designat- 
ing the related sequence data field, subfield, and 
order or column of the subfield. For example, 
the relay Qr200 represents a relay for storing the 
binary digit 2 in the hundreds order of subfield 
Qr (decimal notation digit column 8; see Figs. 3 



and 4a), of the Q field. Further, if reference is 
being made to a subfield of any one of a plurality 
of fields, the sequence storage relay may be desig- 
nated simply by the subfield letter followed by 
5 the order designation; e. g., r200 designates a re- 
lay for storing 2 in the hundreds order of subfield 
r of any of different sequence fields. 

As previously described in Section 2a, the T 
field is an Out field unless the OP2 code number 
10 is 01. To translate this code number into a con- 
trol for the T Out trees, the form of tree shown 
in Fig. 46 is used. This tree includes points a of 
the relays OP2-80, 40, 20, 10, 8, 4, 2 and I. It is 
seen that unless the OP2 code is 01 that the input 
15 of the tree is connected in circuit with the tree 
output OPO. If the OP2 code is 01, then the 
shifting of the points a of the relay OP2-I directs 
the circuit from the input to the output line 
OP-0 1 . Fig. 46a shows the block diagram repre- 
20 senting this OP2 tree. 

Fig. 44 shows a so-called "0" filter circuit. 
There is one such circuit for the r subfield of 
each of the sequence fields P, Q, R, T, U and V. 
The purpose of such filter is to prevent certain 
25 operations when the code in a mentioned one of 
the r stibfields is 0. It is evident that unless there 
is a significant digit in the stated subfield, that a 
circuit path will not be established from the 
+150 v. line through the filter circuit to the out- 
30 put side of the circuit. 

As is now understood, sequence storage re- 
ceives and stores numbers codally representing a 
line of sequence data. This sequence data may 
instruct the machine to take values out of sources, 
35 enter values into receiving means, perform cal- 
culations such as accumulation, multiplication 
and division, effect selected denominational shifts 
of results, and select the sources for the next line 
of sequence data. 
40 The sources from which values may be taken, 
as disclosed here, include electronic storage (Sec- 
tion 6), relay storage (Section 7), dial storage 
(Section 8), tape storage (Section 9), pluggable 
storage (Section 23), and the table look-up unit 
(Section 10 ) . The receiving means for values in- 
clude relay storage and the table look-up unit 
and, also a recording unit Section 21) which re- 
ceives the values from an assigned relay storage 
Unit. Selection of sources for values is controlled 
by the Out fields of sequence data and also by 
the SI and S2 fields. Selection of receiving 
means for values is controlled by In fields of se- 
quence data. Selection of . mathematical calcu- 
lations is controlled by the OP I and OP2 fields of 
g . sequence data. Selection of denominational shift 
amounts is controlled as to the units order by the 
SHI and SH2 fields and as to the tens order by 
the digits 4, 5, 6, 7, 8 or 9 in the s subfields of 
fields Q, R, U, and V, the even s numbers also 
60 determining right shift and the odd numbers left 
shift (see Section 2a) . The SI and S2 fields con- 
trol selection of the sources for the next line of 
sequence data. The P field always is an Out 
field, the V field always an In field, the T field is 
65 an Out field when the OP2 code is any number 
other than 01 and an In field when the OP2 code 
number is 01. The Q, R, and U fields are Out 
fields if their respective subfields s contain 3 or 
less and In fields if their respective subfields s 
70 contain 4 or greater. The operational signs ap- 
ply only to Out fields and are determined by the 
numbers 0, 1, 2 and 3 in their subfields s. 

With respect to an Out field, the r subfield se- 
lects the value source and the b subfield selects 
75 the electronic storage unit to which the value is 
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to be sent. Selection of the electronic storage 
unit involves selection of a Group Out and the re- 
lated Out bus-set and pilot unit (see Figs. 80a -to 
e and 81) . When the coding in the r subfleld In- 
dicates that a value is to be taken from the table 
look-up unit, the coding also selects the Table 
Out relay (see Section 10) . 

With respect to an In field, the r subfield se- 
lects the value receiving means and the b sub- 
field selects the electronic storage unit from which 
the value is to be transmitted. Selection of the 
electronic storage unit involves selection of a 
Group In and the related In bus-set and pilot 
unit. When the coding in the r subfield relates 
to the table look-up unit, it also selects a Table In 
relay (see Section 10). 

Various premutation circuits controlled by se- 
quence storage for translating the numbers codal- 
ly representing sequence data into directed selec- 
tions and operations will be described below. The 
first circuits to be described are for the selection 
of relay storage Group Outs generally designated 
RS-GO. 

Relay storage Group Outs selection.— The code 
numbers for selecting relay storage units (Figs. 28 
and 29) are the same as the identification num- 
bers for these units, except for certain special 
numbers relating to selection of relay storage 
units for controlling recording operations. The 
identification numbers for the relay storage units 
are 010 to 150, Oil to 151, 012 to 152, 013 to 153, 
014 to 154, 015 to 155, 016 to 156, OIT to 157, 018 
to 158, and 019 to 159. When any of these code 
numbers 010 to 159 occurs in the r subfield of an 
Out Held, it brings about the selection of a relay 
storage Group Out and the selection of the relay 
storage unit. 

Pig. 47a represents the pyramids controlled by 
the Q field in the A and B sides of sequence stor- 
age for selecting the relay storage Group Out 
multiple relays RS-GO. There are eighty of 
these multiple relays, eight for each of the ten 
sets of relay storage (see Section 7) , hut only a 
representative number of the relays are shown. 
Pig. 49a diagrammatically represents the assem- 
bly of all the pyramids controlled by the several 
Out fields for selecting the relays RS-GO. 

Referring to Figs. 47a and 49a and considering 
the A side, at a time determined by the closure 
of the several contacts XMs (see Section 16b, 
Item 9), the circuits are tested for completion 
through relays RS-GO. For each of the Q, R and 
U fields, the circuit extends to contacts XMa by 
way of normally closed s8 and s4 contacts. If 
both these contacts are closed, the number in the 
s subfield is 3 or smaller, indicating that the field 
is an Out field. Since the P field always is an 
Out field, the si and st contacts are not needed 
to test whether the field is an Out field and the 
circuit goes from ground directly to XMa con- 
tacts. The T field is Out if the OP2 coding is 
other than 01. Hence, for the T field circuit, con- 
nection is made from ground to the input of an 
OF2 tree (also see Pigs. 46 and 46a) and from the 
OP0 output of the three to XMa contacts. 

Considering now the Q field and referring to 
Fig. 47a, from the XMa contacts the circuit pro- 
ceeds serially through normally Closed contacts a 
of QrSOO, Qr200 and Qr400. If all of these con- 
tacts remain closed, the hundreds order digit in 
the Qr subfield is not higher than 1, which is a 
condition for selection of relay storage. From 
contacts a of Qr400, the circuit extends to the 
common side of parallel contacts a of Qr 100, QrSO, 
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toets toII be closed if the ^r . ■subfield contains any 
of the code numbers 010 to 159. At this point, the 
circuit "has ascertained that relay storage has 
'been called. It remains for the circuit "to select 
5 one of the eighty relay storage Group Outs. This 
.selection is determined by the digit in the b sub- 
■field and by the units place digit in the r subfield. 
The b subfield determines which Out bus-set is to 
be used and must ' therefore make a selection 
10. amon« the eight relay storage Group Outs I to 3 
'(see Section 7) . Thus, if the & code number is 1, it 
;makes a selection of Group Outs I, each of which 
■connects to Out bus-set I . There are ten Group 
Outs #1, one for each of the 10 relay storage sets 
0 to 9. Selection must be made not only of one 
of the eight sets of Group Outs but also of a par- 
ticular one of ten Group Outs from the selected 
set in order that a particular relay storage set 
be connected to the selected Out bus-set. As 
explained in Section 7, the units place digit in the 
identification number of a relay, storage unit 
represents the relay, storage set containing the 
storage unit. Hence, the selection of a particular 
one of the ten relay storage Group Outs from a 
25. selected set of these Group Outs is. determined 
by the code digit in the units order of the r sub- 
field. Therefore, by combining the control by the 
b subfield with the control by the r units order 
code number, a particular relay storage Group 
Out will be selected. Considering for instance 
the Q field, the control by its b subfield is effected 
through a Qb tree (also see Pigs. 45 and 45a) . 
The eight output lines I to 8 of this Qb tree con- 
nect respectively to eight similar Qr units trees 
(8) to (1). These units trees XI) to (8) relate 
to the eight sets of Group Outs I to 8, respectively. 
Thus, according to the number in the Qb tree, 
one of these eight units trees (1) to (8) is se- 
lected, thereby effecting a selection of one of the 
eight sets of Group Outs. Each of the Qr units 
trees has its ten outputs connecting through 
plugging between sockets RSG and RSGP (also 
see Fig. 53b ) to ten Group Out gang relays. Thus, 
according to the Qr units digit, one of the ten 
Group Outs from the selected set will be operated. 
Considering, for instance, the (1) units tree, its 
ten outputs are connected to the multiple relays 
ORS-GO ! to 9RS-GO I . If this ( 1 ) tree is selected 
by the Qb tree and the Qr units digit is 9, then 
the relay 9R3-G OI will be selected. 

The above explanation clarifies the remainder 
of the circuit. The circuit was traced before to 
the output side of the parallel contacts QrlOO, 
QrEO, Qr40, QrZQ and Qr l O. Prom there, the cir- 
cuit continues, via X2a contacts, to the input of 
the Qb tree and through this tree to the input 
of one of the eight Qr units trees (1) to (8) . The 
circuit is completed via the selected units tree and 
plugging through one of the relays RS-GO asso- 
ciated with the selected tree. 

As a specific example, assume the code number 
in the Qr subfield is 159 and the code number in 
the Qb field is 1. The circuit will be made, in 
the manner described, to the input of the Qb tree. 
As this tree is set to 1, the Circuit will continue to 
the input of the Qr units tree (1). The Qr units 
digit is 9, so the Qr units tree (1) directs the cir- 
cuit to its 9 output line which is wired to plug 
socket RSGS-9 (also see Pig. 5'3b>. This will be 
plugged, normally, to the socket RSGP $-9 and 
the circuit will be completed through multiple re- 
lay 9RS-GO! (Fig. 47a) to the +50 v. line. The 
energization of relay SRS-GOI operates the relay 
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Qr40, Qr20, and QrlO. At least one of these con- 75 storage Group Out I for the relay storage set 9 
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(see Pig. 28) , connecting its Out cable to Output 
bus-set I . 

Each of the contacts XMa is shunted by con- 
tacts XMDa (see Figs. 47a and 49a) . Relay XMD 
is of the delay type discussed in Section 3c and 5 
is in series with relay XM (see Fig. 36) , so as to 
be controlled by the same circuit. Accordingly, 
after deenergization of XM, relay XMD is still 
energized and its contacts XMDa (Fig. 47a) re- 
main closed to hold the circuit, if previously made, 10 
through a relay RS-GO. The contacts XMDa 
are in series with a capacitor XMDC and as this 
capacitor charges, the current decays to zero. 
Hence, when relay XMD deenergizes, there is no 
arc across its points a. In this manner, the 15 
arcing of any of the contacts in the circuits for 
selecting relays RS-GO is suppressed. The ca- 
pacitor XMDC is discharged through the nor- 
mally closed points b of relay XMD and a series 
resistor. 20 

The A sequence side circuit shown in Fig. 47a 
has been described. The B sequence side is simi- 
lar; its trees and r contacts are operated by 
BOP relays in the B side instead of by AOP relays 
in the A side. For the B side, the timing con- 25 
tacts YMo, YMDa, and Y2a take the place of 
the contacts XMa, XMDa and X2a, respectively. 
Energization of relays YM, YMD and Y2 will be 
described in Section 16b, Item 36. 

It is to be noted that the Qb tree is a feeder 30 
tree for the Qr units trees. In other cases, a 
tens order tree may be used as the feeder for 
units order trees relating to the same sequence 
field. Also, a hundreds order tree or its equiva- 
lent may be used as a feeder for the tens order 35 
tree. Such an arrangement of trees constitutes 
a tree pyramid for translating a plural digit code 
number into a single directional control oper- 
ation. A tree pyramid consisting of a feeder tree 
superimposed on other trees may be shown dia- 40 
grammatically in the manner illustrated in Fig. 
49a, for instance. A tree pyramid may be iden- 
tified by its function; i. e., the pyramids shown 
in Figs. 47a and 49a are RS-GO pyramids. 

All the corresponding units order trees of the 45 
RS-GO pyramids in the A and B sides of the 
P, Q, R, T and U fields of sequence storage con- 
nect to common lines leading to the plug socket 
RSG, as may be seen in Fig. 49a. 

Relay storage Unit Outs selection. — Fig. 48 50 
illustrates the permutation circuit for selecting 
relay storage Unit Outs (see Section 7). For 
economy of illustration, the showing in Fig. 48 is 
not repeated for each Out field but represents 
the circuit which may be set up under control of 55 
any of the Out fields P, Q, R, T and TJ. For the 
P field, the contacts b of s8 and s4 are omitted 
for reasons previously stated. Also, for the T 
field, the contacts b of 58 and s4 are shunted by 
an OP2 tree, for reasons now understood. The 
circuit, on the A side, is timed by contacts XMb, 
XMDc and X2b and on the B side by the cor- 
responding contacts YMb, YMDc and Y26. 

Considering the A side, upon closure of con- jgg 
tacts b of XM and X2, the circuit extends from : 
ground through contacts b of s8 and s4 (for the 
Q, R, or U fields) to contacts XMb or directly to 
XMb (for the P field) or through an OP2 tree 
(for the T field) . The circuit continues via the 70 
normally closed contacts b of r800, rflOO and r200 
and thence via X2b to the common blade of 
contacts b and c of H00. 

As previously stated, the relay storage code 
numbers are 010 to 159, If the code number is 75 
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0 in the hundreds order of subfleld r, the circuit 
continues through the normally closed contacts b 
of rlOO to the input of the r tens tree in the 010 
to 099 pyramid. But if the code number is I in 
the hundreds order, contacts c of rlOO are closed 
and the circuit is routed to the r tens tree of 
the 100 to 159 pyramid. 

Assume that the r tens tree in the 010 to 099 
pyramid has been heated; i. e., the circuit to its 
input has been established. This tens tree feeds 
nine r units trees (1) to (9) and according to 
the tens order digit in the r subfleld, one of these 
r units trees is heated. Each of these units trees 
has ten outputs wired to plug sockets RSU (also 
see Fig. 53a) . These are plugged to correspond- 
ing sockets RSUP which connect to the relay stor- 
age Unit Out relays U "out" (also see Fig. 29) . 
Depending on the r units order digit, the heated r 
units tree will direct the circuit through the con- 
nected plug sockets and a multiple relay U "out" 
to the +50 v. line. 

Assume, now, that the r tens tree in the "100 to 
159" pyramid has been heated. The outputs 0, 
I, 2, 3, 4 and 5 of the tree feed five r units trees 
(0) to (5), respectively. Each of these units 
trees has ten outputs connected through the men- 
tioned plugging to relays U "out." 

It will be observed that the circuit shown in 
Fig. 48 includes, in effect, a pyramid made up 
of a hundreds order r tree (contacts of r800, r400, 
4200 and rlOO), a pair of r tens trees fed by the 
hundreds order tree, and fifteen r units trees fed 
by the r tens trees. Such pyramid is effective to 
reduce a three-place number to a selection of 
the element identified by the three-place num- 
ber. Thus, the fifteen r units trees provide 150 
outlets, each connected to a different one of the 
150 Units Out gang relays U "out," each such 
gang relay being associated with one of the 150 
relay storage units (see Section 7). 

In the foregoing manner, if the code number 
in the r subfleld of an Out field is 010 to 159, one 
of the relay storage units is selected to trans- 
mit a number to the Out bus-set selected by the 
RS-GO pyramid for this field (see Figs. 47a and 
49a). 

The table look-up Group Outs selection. — 
Fig. 47b shows the A and B side circuits, of an 
Out field of sequence storage, for selecting a table 
look-up Group Out (see Section 10) . There is a 
network such as shown in Fig. 47& for each of 
the Out fields but for economy of illustration 
only a single one of the networks is shown. Each 
such network relating to a sequence storage field 
is connected to the normally open r200c points 
of the field (see Figs. 47a and 49a) . 

The code for table look-up is one of the num- 
bers 281 to 286 in the r subfleld. If the field is 
an Out field, a circuit through the A side will be 
established when contacts of relays XM and X3 
(see Section 16, item 10) close through one of the 
table look-up Group Outs. A similar circuit may 
be established through the B side when circuits 
of YM and Y3 close. There are eight of these 
table look-up Group Outs and their selection is 
determined by the digit in the b subfleld. 

For simplicity of explanation, assume that the 
network shown in the upper portion of Fig. 47 b 
is the Q field network. Assume, further, that the 
Qr number is 285 and the Qb number is 1. A 
circuit may then be established from ground 
(Fig. 47a) via contacts QsSa, QsAa, XMa, Qr800a, 
Qr200c, the (Q)r200c line (also see Fig. 47b), 
and thence via contacts r400b (of the Q field). 
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and X3a to the input of the b tree (Q field). The 
circuit will be routed by this tree and by a plug 
wire between sockets TLGO and TLGOP (Pig. 
53a) through one of the eight gang relays TLIT- 
GO» to TLU-G08 (also see Fig. 35) . 

The table outs selection. — As explained in 
Section 10, concerning the table look-up unit, a 
tape argument, will be selected from one of six 
tables. When this argument is to be read out, 
the table out relay TO (Fig. 35) must be ener- 
gized, along with a table look-up Group Out. 
Code numbers 281 to 236 respectively identify 
tables I to 6. 

Fig. 47c shows the form of circuit for selecting 
one of the relays ITO to 6TO. For the A side, 
the input of the circuit comes from the ?Mo 
contacts of the related field and for the B side, 
the input comes from the YMa contacts (see Figs. 
47a and 49a) . The circuit continues through con- 
tacts r8C0e, r400d, r200d\ contacts b of X3 or Y3 
(■depending upon whether the circuit is in the A 
or in the B side of sequence storage) ; thence 
via rIOOd, r80c, and the r units tree to one of 
the output lines 28 1 to 286. The circuit is com- 
pleted via plugging between sockets TOP and 
TOPP (also see Fig. 53a) and normally closed 
interlock contacts TOCa through a table relay 
TO to the +50 v. line. 

Tape storage Group Outs selection. — As de- 
scribed in Section 9, there are three banks 1, 2 
and S[ of tape storage. Each bank has eight 
Group Outs associated with Out bus-sets I to 8 
(see; Figs, 31 and 32a) . Selection of a tape storage 
(ijppup Out therefore requires selection of a tape 
storage bank and selection of one of its Group 
Outs. The selection of a bank is determined by 
the tape, storage code number in an r subfield 
and selection of one of the Group Outs from this 
bank is determined by the digit in the adjacent 
b subfield. 40 

The code numbers for tape storage stations run 
from. 403 to 422 and 503 to 522 for bank 1; from 
433 to 452 and 533 to 552 for bank 2; and from 
463 to 482 and 563 to 582 for bank 3. It is seen 
that the hundreds order digit 4 or 5 identifies tape 
stprage; that any of tens order digits 0, 1, and 2 
identifies bank 1; any of tens order digits 3, 4, 
and 5 identifies bank 2; and any of tens order 
digits 6, 7 and 8 identifies bank 3. 

Fig. 47b shows the A and B side pyramids of 
the Q field of storage for selecting the tape 
storage Group Outs, The input of the pyramid, 
in the A side, is connected to the Qr400e line on 
the A side (see also Fig. 47a) and the pyramid in 
the B side is connected to the Qr400e line on the 55 
B side. The timing of a circuit through the A 
side pyramid is controlled by relays XM, X4, 
X5 and X6 (see Section 16b, items 9, and 11) . 
The timing of a circuit through the B side is con- 
trolled by relays YM, Y4, Y5 and Y6 (Section. 60 
16b, Item 36). 

Considering the A side, the circuit path to and 
through XMa contacts (Fig. 47a) is as previ- 
ously traced for the RS-GO pyramids. From 
XMa, the circuit extends via QrSOOa and Qr200a 
to the common blade of Qr400a and Qr400e. If 
a tape storage code is present in the Qr sub- 
field, Qr490 is energized and closing Qr4Q0e, The 
circuit then proceeds to the input of the Qr tens 
tree (Fig. 47b) . The outputs 0. I and 2 of the tree 
are commoned and lead via X4a to the input of 
the Qb tree #1 pertaining to bank 1. Outputs 3, 
4 and 5 all lead via X5a to the input of the Qb 
tree #2, pertaining to bank 2, and outputs 6, 
1 and 8: of the Qr tens tree all lead to the input 
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of the, Qb tree #3 relating to bank 3. Thus,, de- 
pending on the tens order digit of the code num- 
ber in the Qr subfield, the circuit will be directed 
to the input of one of the three Qb trees. The 
eight outputs of the Qb tree #1 are connected to 
the eight sockets GOSP for bank 1 (see also Fig. 
53b). The outputs of the Qb tree #2. connect 
to eight sockets GOSP for bank 2, and the out- 
puts of Qb tree #3 connect to eight sockets GOSP 
for bank 3. Thus, depending on the Qb code 
digit, the selected Qb tree will direct the circuit to 
one of the sockets in the related group of eight 
sockets GOSP. The eight sockets GOSP! to 8 
for a storage bank are plugged to the eight sock- 
ets GOS I to 8 (Fig. 32c and Fig. 53b) . The cir- 
cuit, therefore will be completed through a gang 
relay TS^GO (see Fig. 32c) to the 50 v. line. 

In the foregoing manner, one of the Group 
Outs in a tape storage bank is selected. 

It is understood by now that there are similar 
A and B side pyramids for each, of the Out fields 
P, Q, R, T and U and that corresponding output 
lines of their respective Qb trees are connected 
to the same plug sockets TS-GOSP. Fig. 49b 
is included to make this clear. The inputs of 
the P, Q, R, T and U pyramids in Fig. 49b con- 
nect respectively to the Pr400e, Qr43,0e, Rr40Be, 
Tr40.De and Ur400e contacts in Fig. 49a. 

Tape storage station relays selection— In Sec- 
tion 9, it was brought out that there are two, al- 
ternatively operated relays ASS and BSS for each 
of the tape stations. As there are thirty stations 
in all, there are sixty station relays ASS and 
BSS. The tape storage code number calls, for a 
particular one of these station relays.. All tape 
storage code numbers have hundreds order digit 
4 or 5, The tens and units order digits identify 
a particular station relay regardless of whether 
the hundreds, order digit he 4 or 5, the distinc- 
tion being that hundreds, order digit 5 calls, for 
the station tape to move after being read, out 
while hundreds order digit 4 calls for the station 
tape to remain at rest after being read out. Tens 
order digits 0, 1, and 2 characterize code num- 
45 bers for station relays in tape storage bank 1; 
tens order digits 3, 4, and 5 are in the code num- 
bers for relays of bank 2; and tens order digits 
6, 7 and 8 are in code numbers for relays of 
bank 3. Units order digits which are. odd relate 
to relays.. ASS and, units order digits, which are 
even relate to relays BSS. The ten station re- 
lays ASS in bank 1 are identified as follows, ig- 
noring the hundreds order digit 4 or 5: I ASS 
(station I), by 03; 2 ASS by 05, 3 ASS by 07, 
4 ASS by 09, 5ASS by 11, 6ASS by 13, 7 ASS by 15, 
8ASS by 17, 9ASS by 19, and I0ASS by 21. The 
ten BSS relays in bank 1 are identified as fol- 
lows: I BSS by 04, 2BSS by 06, 3BSS by 08, 4BSS 
by 10, 5BSS by 12, 6BSS by 14, TBSS by 16, 8BSS 
by 13, 9BSS by 20, and I0BSS by 22. Similarly, 
the relays I ASS to I0ASS in bank 2 are identified 
by code numbers having 4 or 5 in the hundreds 
order followed by the numbers 33 to 51 and the 
relays IBSS to I0BSS by numbers 34 to 52. The 
relays I ASS to f OASS in bank 3 are identified by 
numbers 63 to 81 and. the relays IBSS to iOBSS 
by numbers 64 to 82, 

Fig. 47d shows the form of tens and units order 
pyramid for selecting relays ASS and BSS. It is 
understood that there is, one such pyramid in the 
. A and B sides of each Out field of sequence stor- 
age; i. e>, for fields. P, Q, R, T, and U. It is 
further understood, that the corresponding out- 
75 lets of all these pyramids are commoned in the 
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manner shown for the RS-GO and TS-GO pyra- 
mids (Figs. 49a and b) . 

Assume for simplicity of description that the 
pyramid shown in Fig. 47d is the Q pyramid in 
the A side. A circuit may then make as fol- 
lows: From ground (Fig. 47a) via QsSa, Qsia, 
XMa(Q), the connected XMa line (also see Fig. 
47c), (Q)r800d, (Q)r400/, (Q)r200e,the (Q)r200e 
line (also see Fig. 47d) to the input of the (Q)r 
tens tree. Since relay r400 is operated when the 
hundreds order digit is 4 or 5, it is seen that the r 
tens tree in Fig. 47d will be heated in either case. 
The tens order digit in the tape storage code 
number may be 0, 1, 2 .... 8. Accordingly, the 
nine output lines 0 to 8 of this tens tree are con- 
nected through heating contacts b of relays X4, 
X5, and X6 (the A side is being discussed) to 
the inputs of nine r units trees (0) to (8) . De- 
pending on the units order digit in the code num- 
ber, the heated one of the r units tree will direct 
the circuit to one of the sixty sockets ASPP and 
BSPP (also see Fig. 53a) . 

As a specific example, if the code number is 
403 or 503, the r units tree (0) in Fig. 47<i will 
be heated and will direct the circuit to plug 
socket IASSP (bank 1). This socket will be 
normally plugged to socket I ASP (bank 1) so that 
the circuit will be completed via an interlock 
point a of I ACL (Fig. 32c) through gang relay 
I ASS (bank 1) to the +50 v. line. 

The station move relays selection. — As de- 
scribed in Section 9, there are two move relays 
MA and MB (Fig. 32c) for each bank of ten 
stations. Relay MA when energized closes its 
contacts a (Fig. 32b) to allow any of the selected 
ASS relays of the bank to transmit the effect of 
a move signal to the related station move net- 
work. Relay MB when energized serves a simi- 
lar purpose in relation to the BSS relays of the 
storage bank. If the code number for a tape 
storage station has the hundreds order digit 4, 
then neither the MA nor MB relays, in the bank 
containing the selected station, will be energized. 
But if the code number for the station has the 
hundreds order digit 5, then the relay MA will 
be energized if any station relay ASS is selected 
and relay MB will be energized if any station 
relay BSS has been energized. It has been ex- 
plained that the ASS relays are selected by code 
numbers with units order digits which are odd 
while the BSS relays are selected by code num- 
bers with units order digits which are even. Also, 
any of the tens order digits 0, 1 and 2 selects tape 
storage bank 1 ; any of tens order digits 3, 4 and 
5 selects storage bank 2; and any of tens order 
digits 6, 7 and 8 selects bank 3. Thus, there are 
three factors to be considered in the selection 
or non-selection of the move relays; one, whether 
the hundreds order digit is 4 or 5; another 
whether the units order digit is odd or even; and, 
finally, with respect to the selection of a move 
relay from a particular storage bank, whether 
the tens order digit is in one of the three men- 
tioned groups of digits. 

Fig. 47c shows the form of selecting circuit for 
the move relays. The input for this circuit con- 
nects to the XMa or YMa line, depending on 
whether the A or B side of sequence storage is 
being considered. The XMa or YMa line is the 
same as previously discussed in connection with 
the Table Outs Selection. From the XMa or YMa 
line the circuit continues through r800c to the 
common of contacts rtOOd and r400g. If the code 
number has 4 or 5 in the hundreds order, then it 
relates to tape storage and relay r4Q0 is energized, 
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closing r400g. The circuit proceeds via r200/ to 
contacts rIOO. If the hundreds order digit 
in the code number is 5, then the code num- 
ber calls for tape movement; relay r 1 00 is 
energized along with relay r400, and contacts 
rIOOe are closed, directing the circuit to the com- 
mon of contacts rla and rib. If the units order 
digit in the tape storage code number is even, 
then sequence storage relay rl will not be ener- 
gized since the binary terms of all even digits 
are lacking the binary term 1. But if the units 
order digit is odd, then the binary terms repre- 
senting this digit include binary term 1 and re- 
lay r I is energized. If rl remains deenergized, 
its points b are closed, leading the circuit to the 
input of the r tens tree in the BSS move tree. If 
rl is energized, its points a are closed and the 
circuit is directed to the input of the ASS move 
tree. Depending on the tens order digit in the 
code number, the selected r tens tree will lead 
the circuit through a control relay point of X4 
(or Y4), or X5 (or Y5) or X6 (or Y6) to one of 
the plug socket MAPPI, 2 or 3 or MBPPI, 2 or 3. 
The sockets MAPP 1 , 2 and 3 are normally plugged 
to sockets MAPI, 2 and 3 (see Fig. 53b) and 
sockets MBPI, 2 and 3 are normally plugged to 
sockets MBP 1 , 2 and 3. Fig. 32c shows the sockets 
MAP and MBP of a relay storage bank. Assume, 
for instance, that sockets MAP and MBP in Fig. 
32c relate to bank 1 and that the ASS move, r 
tens tree (Fig. 47c) has been heated. Assume, 
further, that the tens order digit is 2, so that the 
output of the tree is directed to bank 1 socket 
MAPP, plugged to socket MAP in Fig. 32c. Ac- 
cordingly, the circuit will be completed through 
relay MA of bank 1 to the +50 v. line. 

Both relays MA and MB of the same bank may 
be concurrently energized, but under control of 
code numbers in different sequence fields. For 
instance, field P may call for selection of the 
station relay 2 ASS in bank 1 and field Q may call 
for selection of the station relay GBSS in bank 1, 
with the code numbers in each field also calling 
for station movement. The move selection cir- 
cuit of sequence storage field P will then cause 
energization of the relay MA of bank 1 and the 
move selection circuit of sequence storage field 
Q will cause energization of the relay MB in 
bank 1. 

Energization of the relays MA and MB or either 
of them, allows the move signals or signal to be 
effective, in the manner described in Section 9. 

Selection of dial storage unit #3. — If the code 
number in an r subfield is 603, it calls for a value 
to be read out of dial storage unit #3 (see Fig. 
23). The b subfield selects the Dial Storage 
Group Out, depending on which Out bus-set is 
to receive the value from dial storage (see Sec- 
tion 8). 

Fig. 47c shows the form of selection circuit for 
the Group Outs of dial storage unit #3. The 
circuit connects to the XMa (or YMa) line, pre- 
viously discussed, and continues through the 
points rZOOd, r400/, r200ff, rIOO/, and control con- 
tacts X2c (or Y2c) to the input of the r tens tree. 
Thus, the latter tree will be heated if the hun- 
dreds order digit in the r subfield is 6. If the tens 
order digit is 0, then the r tens tree continues the 
circuit to the r units tree. If the units order digit 
is 3, then the r units tree heats a Qb tree. This 
particular Qb tree will thus be heated only if the 
code number in the r subfield is 603. Depending 
on the digit in the adjacent b subfield, the Qb tree 
directs the circuit to one of the plug sockets DSP I 
to 8 (also see Fig. 53a), The sockets DSP I to 8 
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are normally plugged to sockets DSPPI to 8 to 
complete the; circuit through the selected dial 
storage Group Out gang relay DS-GO to the 
+50 v. line. As shown in Fig. 23 and explained in 
Section 8, each dial storage Group Out; connects 
the value register dials of dial storage unit #3 
to a different one of the Out bus-sets. 

SI and S2 pyramids for sequence data selec- 
tion. — The S I and S2 fields of a line of sequence 
data select, the sources for the' next line of se- 
quence data to be entered in the A or B side of 
sequence storage. The sequence data- may be 
selected from relay storage in which case the S I 
and S2 fields of sequence storage must; select- re- 
lay storage Group and Unit Outs. Sequence data 
may be selected also from tape storage. In that 
case, the Si and SZ fields of; sequence- storage 
must select tape storage Group Outs and station 
relays ASS and BSS. The station relays may be 
considered as tape storage Unit Outs. In addi- 
tion, if movement of the selected stations is to be 
effected after data have been read out therefrom, 
the SI and S2 sequence storage fields must bring 
about operation of the: required move relays MA 
and MB (Pig. 32c). Sequence data also may be 
selected from dial storage and this requires the 
selection of a dial storage Group Out. 

Fig. 50 shows the form of SI and S.2 pyramids 
for selecting. Group Outs, Unit Outs, and Move 
relays. Fig. 50 also shows a similar pyramid re- 
lating to the "early and late" control subse- 
quently described; 

Each of the pyramids- in Fig. 50 is diagram - 
matically shown and consists of an SI (or S2) 
tens tree feeding ten SI (or S2.) units trees, re- 
spectively, m other words, the ten outlets 0 to s 
(also see Figs. 45 and 45a) of each tens tree are 
connected respectively to the inputs of ten simi- 
lar units trees.. The ten units: trees in a pyra- 
mid have 100 outlets which are individually wired 
to 100 plug sockets. The plug sockets connected 
to the Unit Outs pyramid are designated SUP03 
to 99 (also see Fig. 53c) . The plug sockets as- 
sociated with the Group Outs pyramid are des- 
ignated SGP9B to 99 (also see Fig, 536), and the 
. plug sockets connected to the Station. Move pyra- 
mid are designated SMPOO to 99 (also shown in 
Fig. 53b). Finally, the sockets, associated with 
the "early and late" pyramid are designated 
SELP (also see Fig. 53b). It is clear that each 
of the hundred sockets BO to 99 of a pyramid re- 
late to the corresponding code numbers 00 to 99 
any of which may be in S I or S2 fields. 

The plug sockets SGP may be variously plugged 
to the relay storage Group, Outs sockets BSGP 
(see Figs. 47a and 53b) , or tape storage Group 
Outs sockets GOS (Figs. 32c and 53b) or to dial 
storage Group Outs sockets DSPP (Figs. 47c and 
53a). The plugging will be made in accordance 
with which Group Out i3 to be operated for a par- 
ticular SI or S2 code number. The Group Outs, 
as now understood, are associated, with the Out 
bus-sets and, therethrough, to the electronic stor- 
age units. As previously stated, it may be as- 
sumed that the electronic storage units;ES? and_ 
ES8 are to be used for receiving SISeq, and 
S2Seq portions of a line of sequence data. Ac- 
cordingly, the plugging from sockets SGP will 
be to sockets for Group Outs 7 and 3. For in- 
stance, if SI code number 01 is to select SISeq 
data from a station in tape storage bank 1, then 
socket 01 of SGP is plugged to socket 7 of the 
bank 1 set; of sockets GOS; If, further, the S2 
code number 02 is to select S2Seq data from a 



of SGP is plugged^ to socket . I in the bank 1* set 
of sockets GOS. As another example, if SI code 
number 39 is to select SISeq data from dial stor- 
age; then socket SGP39 is plugged to socket 
BSFP7 ; As a third example, if: S2 code number 
*?5 is to select S2Seq data from relay storage set 
9, then socket SGP75 is plugged to socket 
9RSGP8; i. e., to socket 9 in the bus 8: group of 
sockets RSGP. 

The sockets SUP of the Unit Outs pyramid 
(Fig, 50) are selectively plugged to sockets RSUP 
(Figs. 48; and 53a) and sockets ASP and BSP 
'Figs. 32c and 53a) according to. which Unit Outs 
are to be selected by the SI:aiulS2;code numbers. 
For. example, if SI code numher 01 is to select. 
S I Seq data, to be read out of station 8 of tape stor- 
age: bank 1 through the A outlet of this station, 
the socket SUP2I <,Fig.,53e) is plugged to socket 8 
of the bank 1 set of sockets ASP- If S2 code num- 
ber 02 is to select S2Seq data to be read, out of 
station S of bank 1 through its B : outlet, socket 
SUP02 is plugged to socket 9: of the bank 1 set of 
sockets BSP. If, as another example, the code 
number 35 in SI is to select SISeq data from 
relay storage unit 019, which is the first unit in 
storage set 9 (Fig. 28) then socket SUP35 is 
plugged to socket RSUFQ 19. 

At this point, it may be mentioned that a twin 
plug jack is used wherever it is required to plug 
a single socket, such as one of the sockets ASP, 
to a pair of other .sockets, such as a socket SUP 
and a socket ASPP. It may also be mentioned 
here; that plugging connections are provided be- 
tween the relay storage pyramids, tape storage 
pyramids, dial storage pyramid, etc.., and the re- 
lays respectively controlled thereby to insure a 
high degree of flexibility in the selection of the 
relays. For instance, the plugging: between sock- 
ets TS-GOSP and TS-GQ3 (Fig, 53&) and be- 
tween ASP and ASPP (Fig. 53a) enables the code 
numbers in the b and r sub fields of an Out field of 
sequence data to select any of the, tape stations 
in, any of the banks 1, 2 and : 3. Thus, while code 
number 6 in subneld b and code number 403 in 
subfields r are normally assigned to. selection of 
station I relay ASS from bank 1 to be read out to 
Gut bus-set @, the plugging enables , these code 
numbers to select, for instance, station 2 relay 
BSS; in bank 3, to be read out to Out bus-set I. 
Hence, if bank- 1 is not, in running condition for 
some; reason; then- the- sequence- coding need not 
be : changed but the plugging may be arranged to 
select a. station from another bank. 

When the SI or S2 coding selects a tape sta- 
tion and it is desired to step the station after 
reading out its data, the sockets. SMP of the 
Station Move Pyramid (Fig. 50) are selectively 
plugged, to sockets MAP and MBP (Figs, 32c and 
53b) ; , Thus, if Si code number 01 is to select 
S i Seq data, to be read out through an ASS relay 
of a station in bank 1 and the station tape is 
to be advanced following the reading out of data, 
then socket 01 of the group of sockets SMP is 
plugged: to the gang socket MAP of bank 1 (Fig. 
53b) . Consequently, the relay MA of this bank 
will; be energized at the proper time and the 
move signal receiving means of bank 1 will be 
effective to cause advance of the selected station 
in the bank, as described, in Section 9. 
70. The Unit Outs, Group Outs, and Station Move 
" Pyramids are heated upon, closure of timing con- 
tacts XI a on the A side and of timing contacts 
Yia on the B, side. XI D arid YIJ? serve, as arc 
suppression relays. 
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scribed later. It is to be understood that while 
Pig. 50 shows only four pyramids in the A side 
and four in the B side, there are actually eight 
such pyramids in each side, four for the SI 
fields of sequence storage and four for the S2 
fields of sequence storage in each side. It is to 
be understood further that the corresponding 
SI and S2 pyramids on the A and B sides have 
common outlet connections to the set of 100 plug 
sockets associated with these pyramids. For 
instance, the four SI and S2 Unit Outs pyra- 
mids on the A and B sides have their corre- 
sponding outlets connected to the same sockets 
SUP. As an example, the outlets 99 of these 
four SI and S2 Unit Outs pyramids are all wired 
to socket SUP99 (Pigs. 50 and 53a) . 

Relay storage Group-Ins selection. — Fig. 51 
shows the A and B sides of the form of selection 
network for the relay storage Group Ins (also see 
Figs. 28 and 29). There is one such network for 
each of the fields Q, R, T, U and V. Each of 
the circuits except the circuit for the T field 
connects from ground through parallel con- 
tacts s8c or s4c to contacts X7a. If in the Q, 
R or U subfield s, the code number is higher 
than 3, then the field is an In field. The V 
field always is an In field and unless the field 
is skipped, its subfield s will contain a number 
higher than 3. : All numbers higher than 3 
include the binary term 4 or 8. Hence a corre- 
sponding sequence storage relay si or s8 will be 
energized if the number in this s subfield is 
higher than 3. The field containing this sub- 
field therefore will be an In field and a circuit 
connection will be closed from ground through 
either contacts s8c or sic to the contacts X7a. 
As far as the T field is concerned, its subfield 
s has only the two binary positions 2 and 1 
and therefore this subfield s cannot designate 
a digit higher than 3. Previously it was explained 
that the T field is an In field if the code in 
the OP2 field is 01. Accordingly, for the T 
pyramid of the form shown in Fig. 51, the circuit 
extends from ground to the input of an OP2 
tree and from the outlet OP-OI of this tree to 
the X7a contacts. 

As stated before, the code numbers for select- 
ing relay storage units are 010 to 159. If any 
of these code numbers occurs in subfield r of 
an In field, then one of the relay storage Group 
Ins will be selected depending on the r code 
number and the digit in the adjacent b field. The 
circuit, on the A side, is timed by the closure 
of contacts Xlo (see Section 16b, item 3). Upon 
the closure of these contacts a circuit may be 
established as follows (Pig. 51) : From ground, 
through one of the paths previously mentioned, 
to the contacts XTa, thence via contacts R800e, 
R400ft and R289& to the input of the b tree. 
This tree serves as a feeder for eight r units 
trees. The arrangement is the same as described 
for relay storage Group Out selection (see Fig. 
47a) and the units trees shown in Fig. 51 direct 
the circuit selectively to one of the plug sockets 



the coding in this field is 5 in the subfield s, 1 in 
the subfield b, and 010 in the subfield r. Upon 
the closure of contacts XTa, a circuit will be 
established from ground through contacts (Q) sic 

r> , X7a, (Q)r80Be, (Q)r4007i, (Q)r200ft to the input 
of the (Q)b tree, thence from the output I of 
this tree to the r units tree (1) and to the out- 
put 0 of this tree, and by way of the plugging 
between the sockets 010 of groups RSIG and 

10 RSIGP through the gang relay ORS-GII to the 
+50 v. line. 

In this manner, when Q is an In field, the 
code number 1 in the subfield Qb and any code 
number in Qr which is under 200 and terminates 

15 in the units order digit 0 causes the selection of 
the Group In I associating relay storage set 0 
(see Fig. 28) to In bus-set I . 

The A side of the circuit shown in Pig. 51 has 
been explained. The B side is similar except 

20 that the s and r contacts and b and r trees are 
operated by BOP relays instead of by AOP relays 
and contacts Y7a are used in place of the con- 
tacts X7a. It is to be noted also that contacts 
X7a and Y7a are shunted respectively by arc 

25 suppressor contacts X7Da and YTDa. It is to be 
understood also that there are five such circuits 
as shown in Fig. 51, one for each of the fields 
Q, R, T, U and V and their corresponding out- 
puts are commonly connected to the same sockets 

30 RSIG. 

Relay storage Units In selection. — Figs. 52a and 
52b show the A and B sides of a Unit In network 
for selecting the relay storage Unit Ins (also 
see Figs. 28 and 29). There is one such Unit 
35 in network for each of the possible In fields 
Q, R, T, U and V, and their corresponding out- 
puts are commoned in the manner now under- 
stood. Each network provides a path such as 
described for the relay storage Group In net- 
40 work (Fig. 51) to and through contacts X7b, on 
the A side, and contacts Y7b on the B side. As in 
the Units Out relay selection network (Fig. 48) 
the Units In network (Figs. 52a and b) includes 
two r tens trees (0) and (1). The paths from 
45 X7b to the inputs of these tens trees are such 
as described for the relay storage Group G In net- 
work. The same as in the Unit Out network, the 
Unit In tens tree (0) feeds nine r units trees (1) 
to (9) and the tens trees (1) in Fig. 52b feeds 
50 7 r units trees (0) to (6). The outputs of the 
r units trees in the Unit In network are connected 
to sockets UPO 1 0 to 1 59 (also see Fig. 53c) . These 
are pluggable to sockets UPPOI 0 to 1 59. Sockets 
UPP are wired to the corresponding Unit In re- 
55 lays. As now understood, code numbers 010 
to 159 identify the relay storage units and if any 
of these code numbers is in the subfield r of an 
In field, the corresponding relays in sequence 
storage will establish a selection circuit for the 
60 identified relay U "in," the circuit being timed 
by contacts X7b, considering the A side or by 
contacts Y7b considering the B side. 

For simplicity of explanation, assume the Units 
In network shown in Figs. 52a and 52b is the one 



RSIG (also see Fig. 53c). There are eighty of 65 pertaining to the Q field and that Qr contains 

these sockets and each is associated with a cor- code number 010 while Qs contains code num- 

respondingly numbered socket RSIGP. Normally ber 9. Considering the A side, a circuit will be 

the correspondingly numbered sockets RSIG and made from ground via (Q)s8(f, X7b, (Q)r800/, 

RSIGP will be plugged to each other and if (Q)r400i, (Q)r200i, (Q)rlOOg, the (Q)r tens 

the circuit is made to one of these sockets RSIG 70 tree (0), the (Q)r units tree (1), and plugging 

then it is completed through the plugging to between sockets UPO 10, UPP0I0 and through 

the correspondingly numbered socket RSIGP the Unit In relay U "in" 010 to the +50 v. line, 

and a gang relay RS-GI (also see Fig. 29) to the As another example, assume the code number 

+50 v line Assume for example that the circuit in Qr is 123; relay (Q) r 1 00 will be energized and 

shown in Fig 51 relates to the Q field and that 75 open contacts g while closing contacts h. Ac- 
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cordingly, ;the circuit 'oggl .-be t detoured vto the 
(Q)r l OOft. line (also see Pig. 52b) so as to heat 
the (Q)r tens tree(l). The circuit will be com- 
pleted through this 4ens <tree, the (Q)r units 
tree (2), plugging between UP J 23 and UPPI23 
and through relay U "in" to the +§0 v. line. 

Code numbers 160, 161, 162 and 163 all call 
for selection of one of the vreejording' units; spe- 
cifically Printer I (see. Section :2 1 ), This printer 
unit may record Values Selectively ; taken from 
relay storage unit 120, 12 1 , 122 or 123 depending 
on whether the code number is 160, 161, 162 or 
163 respectively. In order - to sprovide ;f or ; selec- 
tion of the relay: storage units 120, 121 , 122 and 
123 under control of ■ the code numbers 160, 161, 
162 and 163, the r-tens tr»e (Fig. S2fr) slsotfeeds 
an r units-; tree W ■ The ^tputsi4,(l,<;2 and# of 
this (6) tree are commoned With outputs; 0, ;l, >2 
and 3 respectively of, ther units tree (2 ) . There- 
fore, the code numbers . 1«0, 1<61,.1S2 and 163 will 
serve the same as-code numbers : -,l2<),;121,;i:22 and 
123 to bring about the selection of relay storage 
Unit Ins 120, 121, 122 and 123, respectively. The 
code numbers 160, 161, i 162 and 163 also bring 
about the selection of the start circuit for 
Printer I'. This start circuit will ; be . explained 
later in Section 21. 

The table I look-up In .selection : networks. — 
When any of the code numbers 281 to. 286 is in 
the subfleld r of an In field, ; it calls for a; com- 
puted argument sto 'be read .into the table look- 
up apparatus: (seevFig.:.35 and Section 10) . This 
involves the selection ■ of a tabic look-up Group 
In and of a Table In. iFig. 51 shows the form 
of selection, circuit for a table look-up Group In 
while Fig. 52a shows the: form of selection cir- 
cuit for a Table In. The circuit! for. selecting a 
table look-up Group In (Fig. 51) . starts the 
same as the circuit: for ^selecting .a relay storage 
Group In but is diverted by contacts r200? to 
the input " of a> b "tree. -The circuit;is; completed 
through this tree, plugging between sockets TG 
and TGP (also see iFig. 53c) and through a 
Group In relay TLU-GI to the +50 v.' line. 

The selection circuit for a Table In starts 
the 1 same as the circuit"? for a relay storage unit 
In but detours through contacts ridfth, rlOb, 
and r80d, to ; the input cf the ;-r units tree Jin 
the Table In selection network. The contacts 
r2007i, r 1 0b and rBOd arc all closed if the: code 
number in the r subfleld lies between 280 and 
289 inclusive. The r units tree in the Table In 
selection circuit has its outputs I to & connected 
to plug sockets' 'HP I to : 6 (also see Fig. :53c) . 
These are plugged to sockets TLPP I '■■ to 6. If 
the code number is one of the numbers -281 to 
286, the circuit will be directed to one of the 
sockets TLPP and completed via interlock con- 
tacts TLDa through a Table In relay TL to the 
+50 v. line. 

The remaining selection circuits controlled by 
sequence storage will be described in the sub- 
sequent sections which deal : with operations: -in - 
volving these selection circuits. 

12. The denominational shift unit 

One of the units of the electronic calculating 
section (Fig. 20) Is a denominational shift unit. 
Its purpose is to shift an amount a chosen num- 
ber of columns. to the right or to the left. The 
amount to be .shifted is sent into the denomina- 
tional shift unit from .the Internal In busrset and 
delivered to the Internal Out bus-set. The shift 
unit has 28 shift columns (Figs. 20 - and 25) . 
Each column .iSvalike and one. is fully illustrated 



in Fig. 24. Shift columns 1 to .28 are associated 
respectively with Internal bus columns 29 to 2. 
Each column of the denominational shift unit 
has a set of elements allotted to each binary po- 

5 sition. The tubes XTI, IT2, XT4, and ITS are 
the input tubes of a shift column and their 
suppressors .^re. coupled -to buses ;l,2,-4, and 8 of 
a . column of the Eternal In bus-set. The bi- 
nary decimal terms -cf a ■ digit -are represented 

10 by iincreased ' potential selectively present in the 
buses -of an Internal In bus column. Accord- 
ingly, stubes ...;IT are selectively conditioned ac- 
cording .to >-th.ese - binary . decimal terms. Subse- 
quent -to conditioning of the tubes IT, a posi- 

15 • tfere> entry t^iW-lHKfurf'-SHRI is applied to the 
control grids of the tubes, rendering the selec- 
tively conditioned -tubes. conductive. The anodes 
of TTI , i-2, 4, and >8 -are coupled to terminals c 
. of triggers ASHI , ASH2 , ASH4, and ASH 8, re- 

20 spectively. When a tube IT becomes conduc- 
tive, yit .reverses the .corresponding trigger ASH. 
A cancel ; signal :AOL is applied to points a of 
all the triggers ASH vto reset those which are 
not being held in turned state by conductive 

25 tubes IT, The . signal ACL is produced concur- 
rently , with ..signal SHRI bnt - is shorter and has 
a briefer effect, so that the triggers ASH turned 
under;c0ntrol ; of signal SHRI remain turned to 
store an entry. The? turned ^triggers ASH apply 

3.0 increased potential to = correspondingly num- 
bered output lines SHO -As an example, as- 
sume th 2 -binary decimal terms 4 and 1, repre- 
senting digit 5, have .been applied to a shift 
column, ; conditioning tubes IT I and 4. The en- 

35 try 5 signal SHRI twill render the conditioned 
tubes IT I rand v^M conductive, pausing them to 
reverse the triggers .ASHI sand ASH4 which 
thereupon apply increased potential to the out- 
put lines SHO I and SHQ4. As indicated dia- 

40 grammatically,; in:Fig. ;25, the. ontput lines SHO I , 
SHQ2, SH04,:and SHQ8:of; each; shift column, 
except :.the .: .end - colnrans ,1'cand :28, connect to 
the shift columns at the right and at: the left. 
The: connectionv.to.:therGolumintat; the right; is to 

45. a f.set of -input . lines ;SHR and ;the connection 
to the column at the left is-to.aiset of input lines 
SHL. The lines. SHLI,;SHB2, -SHM, and SHL8 
are . coupled ■ to ; the ; suppressors of tubes FLS I , 
FLS2,?FLS4, -and FLS8, respectively (see Fig. 24) . 

50 The lines SHRiare . coupled, to the suppressors of a 
set of tubesjFRS. Mt is; seen, therefore that in- 
creasedsRotentials onioutput' lines-SHO of a col- 
umniare applied >to-the input; lines; SHL of the 
column ifat the-;;left to condition; its tubes FLS 

55 selectively. At the same time the increased po- 
tentials .m.s theJsUnes SHO are applied to the in- 
put lines rSHR- of the ..column ;;at the right to 
condition -its -tubes FRS. The outputs of tubes 
FLS I : and FRS I of a .-; shift column connect to 

60, Point n c ;>0f a rtrigger BSHI, -Similarly, FLS2 
andsFRS2 are .connected; to B8H2; FLS 3 and 
FRS4 are . connected to BSH4; and FLSS and 
FRS 8 are connected to BSH8. 
.'Af^r the iapplicatlon of the entry signal SHRI 

65 tof;the denominational shift unitwa negative can- 
cel signal BCL.is applied to the unit. This sig- 
nal resets all the triggers BSH, of which there 
are four, for each column. > Following the reset- 
ting of .triggers BSH, .either selected one of two 

70 positive signals RSH and LSH is applied to the 
denominational shift. unit, depending on whether 
the shift is to be effected, towards the right or 
towards the .left. Assuming that the shift is 
to-be: effected, towards the. right,, the "sirrial RSH 

75 is,apptted and renders the conditioned ones of 



the tubes FRS conductive. The conductive ones 
of the tubes reverse the associated triggers BSH. 
If, instead, the shift is to be effected towards the 
left, then the signal LSH is applied and causes 
the conditioned ones of the tubes FLS to con- 
duct so as to reverse the associated triggers 
BSH. As may be understood now, a digit ap- 
plied to a shift column is ready to shift to the 
right and to the left but is permitted to shift 
only in one direction depending on whether the 
left or right shift signal is applied to the de- 
nominational shift unit. Also, each interme- 
diate shift column has applied to it, in the form 
of conditioning potential, a digit from the col- 
umn at its right and another digit from the 
column at its left. But only one of these digits 
will be allowed to enter the column. If the shift 
is to be to the right, then the digit entered into 
a column comes from the column at the left. 
If the shift is to be to the left, then the digit 
entered in a column comes from the column at 
the right. The shifted digit, from the left or 
from the right, is manifested by the selective 
reversals of triggers BSHI, BSH2, BSH4, and 
BSH8. These triggers temporarily store the 
shifted digit. After the digit has been shifted 
into triggers BSH, the triggers ASH of each 
column are again reset by the signal ACL in 
preparation for receiving the shifted digit from 
the triggers BSH of the same column. Reversed 
triggers BSH condition related tubes SHT. 
The next signal, after reset of triggers ASH, 
is a positive signal SHE which renders the con- 
ditioned ones of the tubes SHT conductive to 
reverse the related triggers ASH. In this man- 
ner, a digit which has been shifted into a col- 
umn is entered in its triggers ASH. 

Briefly, after the application of the digits of 
a number from the Internal In bus-set to tubes 
IT of the shift columns, the triggers ASH are 
reset by a cancel signal ACL, the first of which 
is produced under control of the main sequence 
commutator (Section 16a), as will be described 
fully later. A signal SHRI is then produced un- 
der control of the main sequence commutator 
to cause the conditioned tubes IT to conduct and 
reverse the related triggers ASH. Triggers ASH 
in each shift column thereupon apply the digit 
to the flanking shift columns. The denomina- 
tional shift unit is now ready to perform one 
or more successive column shift steps. 

The sequence of signals in each shift step is: 

1. The cancel signal BCL to cause triggers 
BSH to be reset, preparing then to receive a 
shifted digit. 

2. The shift signal RSH or alternative shift 
signal LSH to cause either the right or left 
shifted digits to be entered in triggers BSH. 
For a shift to the right, the signal RSH is ap- 
plied and the digits shift into the columns at 
the right. For a shift to the left, the signal 
LSH is applied and the digits shift into the col- 
umns at the left. 

3. The cancel signal ACL to clear the triggers 
ASH, of each column, of the digits previously 
entered therein and now shifted to an adjacent 
column. 

4. The signal SHE to transfer the digit shifted 
into a column from its triggers BSH to its trig- 
gers ASH. 

Each above sequence effects a single step of 
column shift. This same sequence is repeated 
as many times as the number of steps of col- 
umn shift to be effected. For instance, if eleven 
steps of column shift are to take place, then the 
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sequence is repeated eleven times, it will be 
understood that if the original amount has, say, 

28 digits, eleven steps of column shift to the 
right will drop out the eleven right-hand digits, 
leaving seventeen of the original digits in posi- 
tions displaced eleven places to the right of their 
original places. 

After completion of the desired number of 
steps of column shift, the amount remaining 
in the denominational shift unit and manifested 
by the selectively reversed triggers ASH is read 
out to the Internal Out bus-set. For this, trig- 
gers ASH which are in reversed status, condition 
related output tubes OT8, 4, 2 and I. A positive 
read out signal SHRO is applied, after comple- 
tion of the desired number of shift steps, to the 
tubes OT to render the conditioned ones of the 
tubes OT conductive. In this manner, the 
amount left in the column shift unit is read out 
in its binary decimal form as decreased poten- 
tials selectively applied to the buses 8, 4, 2 and 
i in columns of the Internal Out bus-set. 

The number of steps of column shift is deter- 
mined by the sequence means in a manner which 
will be explained hereinafter. It is sufficient for 
the present to state that the column shift amount 
is represented by increased potentials selectively 
applied to lines MINI, 2, 4, 8, 10 and 20 (see Fig. 
27a) of the internal commutator or subsequenc- 
ing means (Figs. 27a, b and c) of the denomina- 
tional shift unit. The column shift amount may 
be referred to as the minuend/for a reason which 
will become clear. The tens order of the minu- 
end will not exceed 2. The minuend is entered 
into a descending counter which is, per se, the 
subject matter of application Serial Number 
768,393 of B. E. Phelps, filed August 13, 1947, now 
Patent 2,500,294 issued March 14, 1950. Briefly, 
this counter has a complete units order of trig- 
gers Tl, 2, 4 and 8 (Fig. 27a) and a partial tens 
order comprised of triggers TIO and T20. For 
each trigger in the counter, there are three tubes 
which control the application of a binary decimal 
term of a minuend to the trigger. For instance, 
trigger Tl has its terminal c coupled to the plate 
of a pentode 5-SCHI (Fig. 27a) and its terminal 
/ coupled to the plate of a pentode 7. The con- 
trol grid of 7 is connected to the plate of a triode 
13. The control grids of 5 and 13 are connected 
to the line MNI. Subsequent to the selective 
application of increased potentials on the input 
lines MN, a positive going timing signal Ink is 
applied to the suppressors of the tubes 5, 7 and 
the similar tubes relating to the other triggers 
of the descending counter. Assume, for instance, 
that line MNI is at increased potential. Accord- 
ingly, the application of a timing signal renders 
5 and 13 conductive. Since 13 is conductive, it 
keeps 7 in a non-conductive condition. Since 5 
becomes conductive and 7 remains non-conduc- 
tive, the trigger Tl is reversed. In this manner 
a binary digit 1 is applied to the descending 
counter. Similarly, tubes 9, 1 1 and 13a serve to 
apply a binary digit 2 to the trigger T2. Tubes 
15, 17 and 1 9 serve to apply a binary digit 4 to the . 
trigger T4. Tubes 15a, 21 and 23 serve to apply 
the binary digit 8 to the trigger T8. Tubes 25, 

29 and 31 function to apply binary digit 1 in the 
tens order to the trigger TIO. Finally, the tubes 
25a, 33 and 35 serve to apply a tens order binary 
digit 2 to the trigger T20. The tubes 7, 1 1, 19, 23, 
31 and 35 function as blocking tubes to prevent 
reversal of the associated triggers if a binary digit 
is not to be applied to these triggers. For in- 

75 stance, if the amount to be entered does not con- 
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tato the binary digit 4 ill the units order, the 
tubes re and IT remain non-conductive. 'With 
Ifi non-conductive, it c&hditibhs 19. Accordingly, 
the tuning signal Ink will render IS ■conductive 
to block reversal of trigger T4. BUch blocking 
action is necessitated by the interconnections be- 
tween the triggers. At this point it may also 1 be 
stated that when the Units order of the counter 
is at 0, the line ZU is at increased potential and 
renders a tube 2 a conductive to block the reversal 
of trigger T2. Such blocking action must be in- 
hibited during the application of a minuend to 
the counter., inasmuch as such miriuend may in- 
clude the binary digit 2 in the units order. For 
this reason, a triode 16 has its plate coupled to 
the line ZU and Its control grid connected to 
the line upon which the signal Ink is •applied. 
This signal will render 16 conductive so as to in- 
sure the presence, at the time, of a decrease:; 
potential upon the line ZU. The tube :2a will 
thus become non-conductive and Will be ineffec- 
tive to block reversal of trigger 2 during the ap- 
plication of the minuend to the descending 
counter. 

For each step of column shift, the descending 
counter will be driven One step in a descending 
count sense. The stepping of the counter is ef- 
fected by negative entry pulses coming from a 
tube 2 which is operated in a manner described 
hereinafter. Each entry pulse is applied to the 
both sides of the trigger Tl in the units order. 
Hence, the trigger "will be shifted in response to 
each entry pulse. In further explanation, as- 
sume that the minuend 17 has been applied to the 
descending counter. Hence, triggers Tl,'2, 4 and 
10 are in reversed states prior to the application 
of entry pulses to the counter. The first entry 
pulse returns trigger Tl, leaving 6 standing in 
the units order. The second entry pulse reverses 
trigger Tl which thereupon applies a negative 
pulse to both sides of trigger T2 causing it to re- 
turn to the shown status. Since triggers T l and 
T4 are now in reversed status, the units order 
stands at 5. The third pulse returns trigger T l , 
leaving 4 in the units order. The fourth pulse 
again reverses trigger Tl causing it to effect re- 
versal of trigger T2. As T2 reverses, it applies a 
negative pulse to opposite sides of trigger T4, ••re- 
turning it to shown status. Since triggers T I 
and T2 are now in reversed status the units order 
stands at 3. The fifth pulse returns trigger Tl 
leaving the units order at 2. The sixth pulse 
again reverses trigger Tl which causes trigger 
T2 to return. Since trigger Tl now is the only 
reversed trigger in the units order, the units 
Order stands at 1. The seventh pulse restores 
trigger Tl and the units order then stands at 0. 
It is seen that the application of seven entry 
pulses has stepped the units order descendingly 
from its initial "7" status to its "0" status. With 
the units order in 0 status, the tubes 8a, 12a, 20a 
and 24a are all held non-conductive by the re- 
lated triggers I, 2, 4 and -8. Accordingly, the 
common output line ZU of these tubes is at in- 
creased potential. The increased potential oh 
line ZU is applied to the suppressor of a tube 14, 
to the control grid of a tube 7 28, and to the grid 
of the tube 2a. In response to the increased po- 
tential, tube 2a becomes conductive to block 
trigger T2. The eighth entry pulse applied to 
the descending counter reverses 1 trigger T I . In- 
asmuch as trigger T2 is how blocked, the re- 
versal of trigger Tl is ineffective to reverse .trig- 
ger T2. As the trigger Tl reverses, it acts 
through a suitable coupling eiapacitor to -apply 



a positive going impulse to the control grid of 
the how conditioned tube 14. This tube accord- 
ingly becomes conductive and reverses trigger T8. 
The triggers T I and T8 are- new -to reversed 
status, so that the units order stands at 9. In 
other words, the units order, when at 0, is stepped 
by the next entry pulse to 9, as is required of a 
descending counter. It is further required that 
upon the units order being stepped from 0 to 9, a 
subtractive carry of 1 be effected into the tens 
order. Trigger T8 reverses only when the units 
order steps from 0 to 9. Upon its reversal, trig- 
ger T8 applies a negative pulse to both sides of 
trigger Tl 0, causing it to shift in status. Since 
the trigger TIO, in the assumed example, was 
previously in reversed status, this carry pulse 
from trigger T8 causes the trigger TIO to return 
to the shown status. Since both triggers TIO 
and T20 of the tens order are now in reset status, 
the tens order stands at 0. The related tubes 
32a and 36a are then non-conductive and their 
common anode line ZT is at increased potential 
which is impressed on the suppressor of 28. The 
descending counter now 'stands at 9, having been 
stepped descendingly .from its initial "XT' status 
to its "9" status in response to 8 successive entry 
pulses. The ninth entry pulse returns trigger 
Tl and the counter then stands at 8. The tenth 
entry pulse turns trigger Tl causing it to turn 
trigger T2. As trigger T2 turns, it reverses trig- 
ger T4. Upon reversal of trigger T4, it resets 
trigger T8. Thus, the -triggers Tl, 2 and 4 are 
now in reversed status, sothat the counter stands 
at 7. It is seen that ten entry pulses have effected 
a descending value cycle of the units order from 
its initial "1" status back to a "7" status. Also, 
during this value cycle, as the units order stepped 
from 0 to 9, it effected a subtractivO carry of 1 
from the tens order. In a Mariner now clear, 
seven more entry pulses will bring the ;units order 
to "0" status. Thereupon, line ZU goes to high 
potential, which is impressed on the control grid 
of the tube 28, previously conditioned by the line 
ZT under control of the tens order in "0" status. 
The tube 28 thus becomes conductive when the 
descending counter is at zero and applies de- 
creased potential tb tube 16a, causing output 
line P to rise in potential. This brings about 
termination of column shifting, in a manner de- 
scribed hereinafter. 

The operation of the descending counter has 
been explained above. The minuend, which is 
the column shift amount, is applied to tubes in 
the descending counter prior to the application 
of the positive entry signal Ink. This entry sig- 
nal comes from the plate of a tube 5-SHC2 (Fig. 
27b) . The main sequence means operates at the 
proper time to apply a negative -signal Ink to the 
grid of tube 5 which thereupon produces the 
positive Ink signal, as a result of which the 
column shift amount is entered into the triggers 
of the descending counter. 

The direction of shift is determined by the pro- 
gram means, in a manner explained later (Sec- 
tion 17, Item 11) . If the shift is'tobe to the left, 
increased potential Is present on line I>T (Kg. 
27c) , but if the shift is to be to the right, then 
increased potential is present oh line RT. In- 
creased potential on iine liT conditions »9-^SHG3 
(Fig. 27c), while increased potential on line R>T 
conditions 17. Subsequently, the -positiye signal 
Ink renders the conditioned one 1 of the tubes *9 
and 1 1 conductive, if 9 is 'conductive, it turns 
21 to the left (its torhiiHar;c?goes to'low' pbten- 
75 tial) and if 17 is conductive, It ituros^l I to the 
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right (its terminal / goes to low potential) . If 2 1 
is in its left status, it cuts off 25a, which is a 
condition to production of the left shift signal 
LSH at the proper times. If 2 1 is in right status, it 
cuts off 25 which is a condition to production 
of the right shift signal RSH. 

The column shift means has its own oscillator 
and amplifier source (Pig. 27b) of 50 kc. pulses 
A and B which are 180 degrees out of phase with 
each other. 

After entry of the column shift amount into 
the descending counter, main sequence produces 
a negative signal SHCL (see Section 17, Item 22) 
which cuts off 2 1-SHC2. Tube 2 1 thereupon ap- 
plies a positive signal SHCL to the standard, 
SHC cancel circuit (Fig. 27c and Section 3b). 
The output of the cancel circuit resets those 
triggers (except the triggers in the descending 
counter) in the internal commutator of the de- 
nominational shift means which are marked 
with the reset status symbol x. The triggers in 
the descending counter (Pig. 27a) are in shown 
states when the counter is at zero. This counter 
is reset to zero by the column shifting operation, 
to be described. The counter also may be reset 
to zero from the Control Desk. 

The positive signal SHCL is also applied to 
the grids of 38 and 36 in Fig. 27c. In response, 
38 cuts off 38a, to turn 39, which then applies, 
through a capacitor, a positive impulse to 36a 
which, in turn, through a capacitor, cuts off 40. 
Tube 40 then causes P40 to produce the negative 
cancel signal ACL which, as explained before, is 
impressed on all the triggers ASH of the shift 
columns (Figs. 24 and 25). The positive signal 
SHCL is of short (one AP pulse cycle) duration. 
When this signal terminates, 36 and 38 become 
non-conductive. As 36 becomes non-conductive, 
it resets trigger 39. It is clear that the first 
cancel signal ACL for the shift columns is pro- 
duced under control of signal SHCL. 

Concurrently with signal SHCL, main sequence 
produces the negative signal SHRI, which cuts 
off 25a, Fig. 27b. Tube 25a then renders a tube 
25 conductive to cause a power amplifier P25 to 
produce the positive going entry SHRI signal 
which, as previously described, is applied to the 
shift columns to effect the entry of the number 
from the Internal In bus-set into the shift col- 
umns (see Figs. 24 and 25). 

The apparatus is now ready for column shift- 
ing the number which has been read into the shift 
columns. The column shift is initiated by a 
negative start signal SHS produced by the se- 
quence means at the termination of the SHRI 
read-in or entry signal. This SHS signal has a 
chance time relation to the 50 kc. A and B pulses 
continually produced by the SHC oscillator and 
amplifier (Fig. 27b) . Fig. 26 is a timing chart of 
pertinent operations which follow upon the oc- 
currence of the SHS signal and based on the ex- 
ample of a column shift amount of 3 entered into 
the descending counter (Fig. 27a) . 

The negative start signal SHS goes to the con- 
trol grid of the normally conductive tube 5-SHC3 
(Fig. 27c) and also to the terminal g of a trig- 
ger 6. This signal cuts off 5, forcing 6 to re- 
verse. The signal is of short duration and at its 
termination, the line carrying the signal returns 
to high potential and thereby restores 6. Mean- 
while, upon reversal of 6, it reversed 1 1 (also see 
Fig. 26). The time of reversal of 1 1 is an indi- 
cation of the time of occurrence of the start sig- 
nal SHS. Upon reversal of 1 1, it conditions 12. 
Fig. 27c, to become conductive in response to the 75 
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next B+ pulse, thereby to reverse 15. Reversed 

15 cuts off 14a. At present, 31a also is cut off, 
so 31a — 14a is effective to condition 35 to re- 
spond to the next A+ pulse. This next pulse 
causes 36 to apply, through a capacitor, a nega- 
tive pulse to 34 cutting it off, which makes P34 
conductive to produce the negative BCL signal. 
As previously described, this is the first signal 
in the sequence of four signals occurring in each 
shift step. BCL resets triggers BSH of each shift 
column (see Fig. 24), as previously described, 
preparing them to receive a right or left shifted 
digit. When 1 5 was reversed at the B+ time to 
cause the BCL signal to appear at the next A+ 
time, it also conditioned 16, Fig. 2 ! 7c, to respond 
to A+ pulses. The negative pulses produced by 

16 are applied to both sides of 20 to alternate 
its status. The first A+ pulse turns 20 which 
thereupon cuts off 23a to condition 22 to become 
conductive with the next B+ pulse. When 22 
becomes conductive, it cuts off 26 and 26a. As 
explained before, if a right shift has been called 
for by the main sequence means, trigger 2 1 is in 
right-shifted position and cuts off 25. But, if 
a left shift has been called for, then 21 is in left- 
shifted condition and cuts off 25a. Accordingly, 
when 26 and 26a are now cut off under control 
of 22, either 26 — 25 or 26a — 25a becomes fully 
cut off, depending on whether a right or left shift 
is to be performed. If 26 — 25 is cut off, it works 
through 33 and P33 to produce the positive RSH 
signal while if 26a — 25a is effective, it operates 
through 29 and P29 to produce the positive LSH 
signal. As previously described, the signal RSH 
or LSH respectively cause the right or left shifted 
digits to be entered in triggers BSH of the shift 
columns. 

When 22, Pig. 27c, became conductive at the 
first B+ time in the 1st shift step, it caused the 
shift signal LSH or RSH to be produced, as just 
explained. It also reversed 19 which, in turn, 
reversed 18. With 19 reversed it cuts off 28 to 
make 31a conductive so that 31a — 14a will be 
ineffective and the next A+ pulse will not cause 
a BCL cancel signal to appear. Instead, the ACL 
cancel signal will be produced. This results from 
28 conditioning 32 to respond to the next A+ 
pulse. Thereupon, 32 applies, through a capaci- 
tor, a negative pulse to 40 as a result of which 
P40 produces the negative ACL signal. This 
signal, the third in the sequence of four signals 
appearing in each shift step, resets triggers ASH 
of each shift column (see Pig. 24), preparing 
these triggers to receive the shifted digits now 
stored in triggers BSH. It may be noted that the 
first ACL signal was produced in consequence of 
the application of the signal SHCL from the 
main sequence means, as previously described. 
The next and successive ACL signals are pro- 
duced by the internal timer of the column shift 
means in the manner j ust described. 

At the A+ time at which the ACL signal is 
produced, 16, Pig. 27c, responds to an A-f- pulse 
and restores 20. Thereupon 20 cuts off 31 and 
23. As 3 1 is cut off, it produces a positive pulse 
which is transmitted via line C to tube 2-SHCI. 
In response to this pulse, tube 2-SHCI produces 
a negative entry pulse which steps the descend- 
ing counter to diminish the count by 1. As the 
descending counter in the assumed example 
started at 3, it is now stepped to a count of 2 
(see Pig. 26). In this manner the descending 
counter is operated in each shift step to reduce 
the count by 1. 

The first three signals in the 1st shift step have 



been produced In the manner just explained. 
These first three signals are BCL at the A-f time 
in the shift step, LSH or RSH at the succeeding 
B+ time, and ACL at the following A+ time. 
The fourth and final signal in the sequence for 
each shift step is the SHE signal which is pro- 
duced at the B-f time following the ACL sig- 
nal. The SHE signal will cause the shifted 
digits to be transferred from triggers BSH to 
ASH. It was explained above that 20-SHC3 was 
restored by the second A-f pulse in the shift step 
and thereupon cut off the tubes 31 and 23. The 
tube 31 thereupon caused the descending counter 
to diminish the count by 1. The tube 23 when 
cut off conditions 24 to become conductive with 
the next B-f pulse. When 24 becomes conductive 
it cuts off 27. Tube 27a has already been cut biff 
by the previously mentioned reversal of trigger 
18 1 (also see Pig. 26) which will not be restored 
until the end of the last shift step. Accordingly, 
when 24 cuts off 27, the couple 27— 27a is ef- 
fective to make 30 conductive and thereupon 
cause P30 to produce the SHE signal. This sig- 
nal as previously stated causes the shifted digit 
to be transferred from triggers BSH of each shift 
column to triggers ASH of the same shift column. 
This completes one shift step. 

The same sequence of signals BCL, LSH or 
RSH, ACL and SHE, along with a step of descent 
of the descending counter to I , is repeated in 
the 2nd shift step. The 3rd shift step takes place 
"in which this same sequence of signals is again 
produced and half way in this 3rd shift step 
the descending counter is stepped to 0. As pre- 
viously described, when the descending counter 
is at 0, the tube I6a-SHCI applies increased 
potential to the line P. The increased potential 
oh this line renders 8a-SHC3 conductive to re- 
store 1 1 . With 1 1 restored, it conditions 1 0 to 
operate in response to the next B+ pulse to re- 
store 1 5. With 1 5 restored, it conditions 1 3 to 
become conductive with the next A-f pulse and 
thereupon to restore 18. It will be noted that 
1 8 is restored at the termination of the SHE 
signal in the last shift step. All the triggers 
II, IS, 28, 19 and 18 are now in reset status and 
shift steps are terminated. 

In the foregoing manner, when the column 
shift amount is 3, three shift steps are produced. 
Similarly, any other number of required column 
shift steps are performed, the number of such 
steps being given by the column shift number 
applied to the descending counter. 

At the termination of the steps of column shift, 
the shifted number in the denominational shift 
unit (Fig. 25) is to be read out upon the Internal 
Out bus-set. As already explained, I8-SHG3 
(Fig. 27c) was restored at the end of the last 
shift step. -As 18 restores, it applies a negative 
going pulse to 14, causing 14 to apply a positive 
going pulse by way of a line itw (also see Pig. 
27b) and a Capacitor to the control grid of the 
normally conditioned tube 39-SHC2. Accord- 
ingly, 39 becomes conductive and turns the trig- 
ger 40. As 49 turns, it makes 36 conduct to 
produce a negative going shift complete signal 
SHGP. This signal is utilized by the main se- 
quence, in a manner explained later, to apply 
a negative read out signal SHRO to 32-SHC2, 
cutting it off. Thereupon, 35a becomes conduc- 
tive and restores 49. Also 35 becomes conductive 
and acts through P35 to produce a positive going 
SHRO signal. As described before, this SHRO 
positive signal causes the number stored in the 
trigger's ASH of the shift columns to be applied 



to the buses of the Internal Out bus-set (see Pigs. 
24 and 25). 

When the colmun shift amount is 0, and a 
number is entered from the Internal In bus-set 

5 to the denominational shift unit, it will be read 
out of this unit to the Internal Out bus-set with 
no column shift. In the event that the de- 
nominational shift amount is 0, the descending 
Counter (Pig. 27a) maintains line P at increased 

10 potential to 'condition a tube 7-SHC3. Then, 
when the start signal SHS turns trigger 6, the 
trigger applies a positive pulse through a capac- 
itor -to the conditioned tube 7 to render it con- 
ductive. The output of this tube is applied via 

15 a wire Tio and the anode resistor of 39-SHC2 to 
the "trigger 48, turning the trigger. The effect 
of this is to cause the shift complete signal SHCP 
to be produced in the manner explained before. 
Consequently, the read out signal SHRO will 

20 be produced, causing the number read into the 
denominational shift unit to be read out without 
a column shift. 

Shift columns are numbered here to correspond 
to orders of an amount whereas storage and bus 

25 columns are numbered inversely to orders. 

Amounts will be entered in the shift unit only 
from calculator units, as will be clear from Sec- 
tions 17, 13, and 19. The shift columns 28 to 1 
Will apply an amount to Internal bus columns 2 

30 to 29 but as only bus columns 11 to 29 are con- 
nected to electronic storage (columns 2 to 20 
thereof), it is evident that only the amount in 
shift columns 19 to 1 will be sent to electronic 
storage from where it goes to relay storage. A 

35 shift to the right or to the left therefore discards 
from the amount in shift columns 19 to 1 the 
given number of right or left-hand places, so that 
the shifted number in these columns is the one 
which ultimately is received by electronic and 

40 relay storage. It is understood, therefore, that 
in speaking of the reading out of a shifted amount 
from electronic storage, reference is made to the 
shifted amount in shift columns 19 to 1. 

As an example, assume a 28-place number in 
shift Columns 28 to 1. A shift to the right of 

45 10 places brings the 28th place of the original 
number into shift column 18 and the 11th place 
of the original number into shift column 1. The 
shifted amount to be read out is therefore the 
result of discarding the 10 right-hand places of 

50 the original number. If the 28-place number in 
shift columns 28 to 1 is shifted 10 places to the 
left, the 1st place of the original number moves 
to shift column 11 and the 18th place of the ori- 
ginal number moves to shift column 28. The 

55 shift columns 11 to 19 then contain nine orders 
of the original amount and it is these nine orders 
which constitute the shifted number to be read 
into storage. This shifted number is the result 
of discarding the 10 left-hand places of the 

60 amount originally in shift columns 19 to 1. 

13. The electronic accumulator unit 

This is an arithmetical unit of the electronic 
computing section (see Fig. 20). When accu- 

65 mulation is called for, the accumulator unit will 
receive numbers successively in binary decimal 
form from the buses of the Internal In bus col- 
umns 11 to 29. Along with each number, the 
Internal In bus-set will apply to the accumu- 

70 lator unit the sign of the number. As now under- 
stood, a + sign is represented by increased poten- 
tial on bus 2 and a — sign is represented by in- 
creased potential on bus I of column 1 . 
The accumulator unit may perform simple ac- 

75 cumulation of positive and negative numbers. 
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means are also provided for rounding off a de- 29th, does not include an entry register EC but 

sired order of the result in the accumulator. includes a register RC. The devices EC and RC 

Main sequence will contain a column shift num- are each constructed as a register order such as 

ber, obtained from the program means, which shown in Pigs. 15 and 15a. 

will determine the extent of denominational 5 In general, the operation will consist in enter- 
shift of the accumulated result when this res- ing the number from the Internal In bus-set into 
suit is read out of the accumulator unit to a the entry registers EC and thereafter transmit- 
receiving unit. The selected number of steps of ting the numbers from EC to the corresponding 
column shift of the result; i. e. the extent of de- orders of the accumulating registers RC. The 
nominational shift of the result will be effected 10 registers RC comprise the accumulating means 
through the column shift means described in sec- per se and are denominationally associated by 
tion 12. As there explained, column shifting carry means. Both positive and negative num- 
may be to the right or to the left. When column bers may be accumulated and an algebraic sum 
shifting is to the left, then rounding off will obtained. All numbers are represented on the 
not be desired. When column shifting is to the 15 buses in true, binary decimal form and their 
right, then rounding off is useful and will occur negative or positive sense designated by the ac- 
unless suppressed by main sequence. The companying sign, 1 for the — sign and 2 for the 
column shift number set in main sequence will + sign. For each number entry, the program 
select the ultimate units order of the column- means provides an operational sign. Whether 
shifted result and thereby will select the order 20 the accumulating unit is to act upon a number 
to be rounded off . as a negative or a positive number is depend- 

The accumulator may also perform a special ent not only upon the sign of the number but 

accumulation operation called the tolerance also upon the operational sign. The sign of a 

check which will be explained later. number and the operational sign are applied to 

Associated with the accumulator unit is a so- 25 the sign mixing circuit network (Pig. 71c) of the 

called internal commutator (Pigs. 71b to 71a) accumulator unit. The operational sign may be 

which subsequences all the operations of the ac- 0 or 1 or 2 or 3, as previously explained in Section 

cumulator upon reception of certain signals from 2a. If the operational sign is 0, this means that 

main sequence. All of these signals come from the number is to be treated by the accumulator 

the accumulator control commutator ACC.C 30 unit as having a + sign, regardless of its original 

(Pig. 78A) except for a tolerance check signal, sign. If the operational sign is 1, then the 

a rounding off or half correction suppression original sign of the number will be inverted and 

signal and two reset signals, HCR and CTLR the accumulator unit will treat the number ac- 

(Pig. 71ff) which come from other parts of main cording to the inverted sign. If the operational 

sequence. With the exception of a few triggers 35 sign is 2, then the accumulator unit will act on 

in the internal commutator, the triggers in this the number according to its original sign, 

commutator are reset as an initial operation by Finally, if the operational sign is 3, then the ac- 

the manually controlled cancel signals men- cumulator unit will treat the number as having 

tioned in Section 3b after which each sequence a — sign regardless of its original sign. The 

of normal accumulation returns these triggers to 40 mixed sign produced by the mixing network al- 

canceled status. Certain triggers in the commu- so may be referred to as the operating sign. If 

tator cannot be reset readily in the normal ac- the operating sign is +, then the number in reg- 

cumulation sequence, due to timing conditions isters EC will be transferred in true form to the 

and special requirements, so that for these trig- registers RC. 

gers the two reset signals HCS and CTLR are 45 But if the operating sign is — . then the tens 

provided. complement of the number in EC will be read 

The internal commutator has its own oscillator out therefrom to the registers RC. 

and amplifier source (Pig. 71c) of 50 kc. A and The accumulator unit will be called in for 

B pulses, 180 degrees out of phase with each operation by main sequence acting through an 

other. 50 accumulation calculation commutator ACC.C 

The accumulator unit has 29 orders, of which (Fig. 78A). This commutator will produce can- 
tbe 29th is a result sign evaluating order. The eel signals ECC and RCC (Figs. 71e and /) 
Internal In bus columns 2 to 29 are connected for cancelling the registers EC and RC, respec- 
respectively to entry means for accumulator or- tively, prior to entry of the first number into 
ders 28 to 1 (see Pigs. 20 and 70). However, 55 the accumulator unit. An entry signal ACC-RI 
in the present case, only the bus columns 11 to will be produced by the commutator ACC.C con- 
29 may carry significant digits and since it is currently with the cancel signals but will be pro- 
only these columns which receive digits from longed past the cancel signals. This entry sig- 
electronic storage (Section 6). These bus col- nal will cause the number on the Internal In 
umns 29 to 11, respectively, are associated with 60 bus-set to be entered into registers EC. The 
accumulator orders 1 to 19, respectively. With entry signal also will cause the number sign in 
regard to orders 20 to 28, they will in effect re- column 1 of the Internal In bus-set and the op- 
ceive 0 entries from the bus columns 2 to 10. The erational sign to be entered into the sign mix- 
Internal In bus column 1 which carries the al- ing circuit (Fig. 71a). After the entry of the 
gebraic sign of the number to be entered in the 65 number and signs, the commutator ACC.C pro- 
accumulator is connected into a sign mixing cir- duces a start signal ACC-ST (see Fig. 71c) which 
cuit included in Fig. 71a. The outputs of orders calls into operation the internal commutator 
1 to 28 are connected respectively to the Internal (Figs. 71a to 71a) of the accumulator unit. The 
Out bus columns 29 to 2, and the output of the internal commutator will then function to in- 
29th order is connected to the Internal Out bus 70 itiate an accumulator cycle (Fig. 72) during 
column 1 to apply the result sign to this column. which, under control of the operating sign, the 
Orders 1 to 28 each include a digit indexing or number or its complement will be transferred 
entry receiving device or register EC (Figs. 20, from EC to RC. At the end of the accumulator 
69a, 69b and 70) and an accumulating device or cycle, the internal commutator will send a com- 
register RC. The sign registering order, the 75 plete signal CYCPT (Fig. 71a) back to the com- 



mutator ACC.C. The latter will then signal 
main sequence to apply a new number and its 
sign to the Internal In bus-set. Also main se- 
quence will apply a new operational sign to the 
sign mixing circuit. The commutator ACC.C 5 
again will send out an ECC cancel signal but 
this time the RCC cancel signal will be sup- 
pressed in the manner explained later in Sec- 
tion 17. The entry signalwill be applied again, 
causing entry of the new number into EC. A 10 
second start signal is applied to the internal 
commutator of the accumulator unit to bring 
about the accumulation of the second and first 
numbers. When the accumulation of the de- 
sired number of successive amounts has been 15 
completed, the commutator ACC.C sends out a 
result read-out signal B.ROC (Pig. 71cr) to the 
internal commutator. In response to this sig- 
nal the internal commutator tests the 29th or- 
der RC of the accumulator for 0 or 9. If the 20 
highest order is at 0, it is an indication that 
the algebraic sum in the accumulator is a true, 
positive number. If the highest order RC is at 
9, it is an indication that the algebraic sum is 
a complement; i. e., a negative number. If the 25 
test finds that the highest order RC contains 
9, a complement conversion cycle is effected 
Under control of the internal commutator. 
During this conversion cycle the complement in 
registers RC is read out upon the Internal Out 30 
bus-set and through the power amplifier P. A. 
(Pig. 20) , explained before in Section 1, to the 
Internal In bus-set. The internal commutator 
also proceeds during the conversion cycle to 
cause the registers EC to be cancelled and then 35 
to cause the complement on the Internal In 
bus-set to be entered into EC. Upon the com- 
pletion of this entry, the registers RC are can- 
celled. The fact that a complement conversion 
cycle has been initiated forces the sign control 40 
portion of the circuit to be set ut> for a comple- 
ment transfer operation from EC to RC. The 
internal commutator will then produce a start 
signal which will cause the complement of the 
complement in EC to be transferred to RC. The . 
registers RC will therefore contain the true fig- 
ures of the negative number accumulated by 
the accumulator unit. Upon completion of the 
transfer from EC to RC, a Proceed signal is sent 
to the commutator ACC.C by the internal com- f . 
mutator. The internal commutator also pro- 50 
duces a read-out signal as a result of which the 
number standing in RC and the sign of the num- 
ber will be read out upon the Internal Out bus- 
set. 

If a 0 is sensed in the highest order RC reg- 53 
ister after accumulation, a complement conver- 
sion cycle will not be effected and the read out 
signal Will be produced by the internal commu- 
tator to cause a positive number and its sigh ... 
to be read out from RC, and a Proceed signal 60 
will be sent out at the same time to ACC.C. 

Fig. 69a shows the 1st or units order of the ac- 
cumulator; Pig. 69& shows the 2nd order; and Pig. 
71o shows the 29th, sign evaluating, order. The 
2nd to the 28th orders are alike and differ from 65 
the 1st order in that the 1st order omits the 
tubes required for carry-through-9 purposes 
Which are not necessary in the 1st order. Also, 
the 1st order includes elusive one entry means. 
The 29th order, as stated before, does not con- 70 
tain an entry receiving register EC but only a 
register RC. 

The carry means. — The carry means includes 
a trigger K for each order Of RC except the 29th 
or sign registering order. The carry means will 75 
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be described in detail with regard to the 1st 
and 2nd orders shown in Pigs. 69a and b. When 
an order of RC steps from 9 to 0 during the en- 
try period, which may be taken as 0.5 to 9.5 of 
ah accumulator cycle (Pig. 72) , it produces a 
positive carry but pulse at the terminal c of 
stage 8. This pulse is effective to render a tri- 
bde : KV conductive. The trio de thereupon re- 
verses the trigger K associated with the order 
of RC which has advanced from 9 to or through 
0. For instance, assuming that the 1st order 
of RC has stepped from 9 to 0, the trigger Kl 
will be in reversed state. Carry-through-9 
means are provided for the intermediate orders. 
By this means, when such order is at 9 and the 
preceding order effects a carry, the carry will be 
instantaneously applied not only to the first 
higher order but also to the second higher or- 
der, and so oh. Considering, for instance, the 
2nd order (Fig. 69b) , when it stands at 9, its 
stages I and 8 are in reversed status. With 
stage I in reversed status, its terminal c is at 
reduced potential. Likewise the terminal c of 
stage 8 is at reduced potential. The reduced po- 
tential at c of stage I is applied to a tube 65, 
cutting it off. Likewise, the decreased poten- 
tial at c of stage 8 is applied to a tube B 5a hav- 
ing its anode commoned with the anode of the 
previously mentioned tube 65. Assume for in- 
stance that order 1 (Fig. 69a) has stepped from 
9 to 0 so that trigger K I is reversed and that 
order 2 stand at 9 at the end of the entry period, 
so that the tubes 65 and 65a related to order 2 
are cut off. Further, with Kl reversed, it is ef- 
fective via wire I6B-A to cut off tube 65b (Fig. 
69b) which has its anode commoned with the 
anodes of 65 and 65a associated with the 19th 
order. A fourth tube 65c has its anode com- 
moned with the anodes of the tubes 65, 65a and 
65b associated with the 2nd order RC. The tubes 
65c associated with all the orders of RC are 
cut off except for a short period 11.5 to 13 of 
an accumulator cycle (Fig. 72) for a reason 
stated later in the present section. Accord- 
ingly, in the example where the 1st order RC 
has stepped from 9 to 0 during an entry period, 
Kl is reversed and has cut off 65b associated 
with the 2nd order. Further, as the 2nd or- 
der has been assumed to stand at 9, the tubes 
65 and 65a associated with the 2nd order are 
also cut off. As the tube 65c also is cut off until 
11.5 of the accumulator cycle, the lock group of 
four tubes, 65, 65a, 65b and 65c for the 2nd 
order are all cut off. It is clear that 65c is in- 
itially cut off during the entry period and re- 
mains so until after the entry period. Fur- 
ther, the tube 65b may be brought to non-con- 
ductive condition at any point of the entry 
period at which the preceding order, the 1st 
order, goes from 9 through 0. When the 2nd 
order stands at 8, the tube 65a goes to cut off 
and when this order steps to 9 the tube 65 also 
goes to cut off. It is evident then that either 
65 or 65b will be the last one of the group of 
four tubes in the 2nd order, to be rendered non- 
conductive. Upon this tube being rendered non- 
conductive, the common anode potential of the 
group of four tubes rises and renders a tube 65a" 
conductive, thereby reversing the connected 
trigger K2. This reversal will occur at any mid 
index point time of the entry period 0.5 to 9.5 
of a cycle (Fig. 72). if, in this same entry 
period, the 3rd order is at 9 or advances to 9, 
then the reversal of K2 (2nd order) will cut off 
65b in the 3rd order group of lock tubes 65, 65a, 
•5b ana 65c, ana thereupon the trigger K iii 
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the 3rd order will reverse. This chain of events 
may continue through any number of higher or- 
ders at 9. 

It is seen then, that by the end of the entry 
period, reversal will have been effected of all 
those triggers K associated either with RC or- 
ders which have stepped from 9 through 0, or 
associated with a succession of orders of which 
the lowest has stepped from 9 through 0 and 
the higher ones are at 9. 

When a trigger K is reversed, it conditions a 
related tube KT. In the example the tubes KTI 
and KT2 are conditioned. At the 12 point of 
the cycle, a positive carry operating pulse C-OP 
is applied commonly, along wire I7A-B (see also j 
Fig. 70) to all the tubes KT. Any conditioned 
one of these tubes will become conductive and 
apply a negative going impulse along a wire 
I9B-A and through the anode resistor circuit 
of a tube 16 associated with the next higher or- 
der RC to the input of this next higher order 
RC. Thus, a carry entry will be made into this 
next higher order. 

In this manner, an instantaneous carry is ef- 
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cancel circuit KC. Each of these cancel circuits 
is of the type shown in Pigs. 16 and 17. The 
output of the EC cancel circuit goes to the EC 
registers (Figs. 69a and b and 70), and resets 
them. The output of the RC cancel circuit re- 
sets the RC registers (also see Fig. 71b). The 
output of the KC circuit resets the carry trig- 
gers K. 

As mentioned before, for the second and suc- 
cessive number entries, the RCC cancel signal 
will not be produced. The ECC signal will be 
produced, however, each time an entry is to be 
made and will always bring the KC cancel cir- 
cuit into operation along with the EC cancel cir- 
cuit. 

Prior to the production of the cancel signals 
and the entry signal, ACC-RI, the number to be 
entered in the accumulator will be present on 
the buses of the Internal In bus columns 2 to 29, 
of which columns 2 to 10 will always contain 
zeros, and the sign of the number will be present 
in Internal In bus column 1. The digit in each 
Internal bus column is represented, as now un- 
derstood, by increased potential selectively pres- 



fected into all orders of RC following orders 25 ent on buses I, 2, 4 and 8 of the column. The 



which have stepped from 9 to 0 or following 
one or more orders which are at 9 at the end 
of the entry period and are in turn preceded by 
an order which has stepped from 9 to 0 



buses I, 2, 4 and 8 of each column are coupled 
to the suppressors of entry tubes ECEI, 2, 4 and 
8 respectively of the related accumulator order. 
It is to be noted that the bus columns 2 to 29 



As stated before, the tube 65c in each order 3Q are thus respectively associated with accumula- 



of the carry means above the 1st order cuts off 
except between 11.5 and 13 of the cycle. This 
prevents a carry-through-9 of an order if the 
order has been advanced to 9 during the carry 
entry period. For instance, if the 2nd order had 
not been at 9 before the carry period, but in- 
stead had been at 8 and were advanced to 9 by 
a carry entry from the 1st order, it would cut 
off the tubes 65 and 65a during the carry period. 
The tube 65b will also be at cut-off under con- 
trol of the trigger Kl in the 1st order. If the 
tube 65c were not present or if this tube were 
not conductive during the carry period, then the 
common anode line of the lock group of tubes 
in the 2nd order would be at increased poten- 
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tor orders 28 to 1. The tubes ECE of the accumu- 
lator orders will therefore be selectively condi- 
tioned according to the binary terms in the deci- 
mal notation digits of the number on the Internal 
In bus columns 2 to 29. The negative ACC-RI 
signal produced by the commutator ACC.C, along 
with the cancel signals ECC and RCC or along 
with the cancel signal ECC only, functions via 
35 and 36 in Fig. 71e to produce an amplified 
40 signal ACC-RI. This is inverted by an amplifier 
(Fig. 70) to a positive signal which is applied via 
line I A- IB to the control grids of all the ECE 
tubes. Thereby, the conditioned ones of the ECE 
tubes are rendered conductive. The outputs of 
the tubes ECEI, 2, 4 and 8 of an accumulator 



tial and would operate through 65d to reverse 45 order are coupled to points c of the trigger stages 



K2. Consequently, the carry operating pulse 
would be effective to produce an undesired carry 
entry into the 3rd order. By providing the tube 
65c and rendering it conductive for a period 
starting before and ending after the carry pe- 
riod, such misoperation is prevented. 

Assuming that accumulation has been called 
for, the commutator ACC.C (Fig. 78A) is condi- 
tioned for operation. Assume further that the 



I, 2, 4 and 8 of the register EC in the order. 
Hence, as soon as the cancel signal ECC termi- 
nates, the conductive ones of the tubes EC reverse 
the related trigger stages of the EC register. In 
"0 this manner the number on the Internal In bus- 
set is applied to the entry registers EC. 

The entry signal ACC-RI also causes the num- 
ber sign and an operational sign to be entered 
in the sign mixing circuit which is shown in Fig. 
first of a plurality of numbers is to be entered 65 7i 0 . Buses I and 2 of Internal In bus column 1, 
in the accumulator, and that half correction is which carries the number sign, are respectively 
to be suppressed. Fig. 73 is a timing chart re- connected to the suppressors of tubes 8 and 7 in 
lating to the accumulator procedures when half pj g n a _ Tli e operational sign 1 is represented 
correction is suppressed. A negative half cor- by an i ncre ased potential signal OPSNI, the op- 
rection suppression signal HCS is produced by 60 erating sign 2 is represented by the increased 
main sequence, as will be explained in item 11, potential signal OPSN2. These signals respec- 
Section 17. This signal is applied to I, Fig. 71g, 
which acts via la to turn 5. Thereafter, the 
commutator ACC.C concurrently sends out the 



tively condition tubes 6 and 5. It can be seen 
that the tubes 5, 6, 7 and 8 will be selectively 
conditioned according to the number sign and 



negative signals ECC, RCC, and ACC-RI. The 65 the operational sign. The amplified negative 
ECC signal functions through 20 and 12 in Fig. si j from pi 71e alsQ is Ued tQ the 

71e to produce an ampMed signa ECC. The m . 

latter signal is inverted by I, Fig. 71a to a posi- , ... . ■ . . ■ ' 

tive signal which is applied to the EC cancel p2 » to » P^tive sign al which is applied to the 
circuit. The RCC signal functions via 33 and 70 contro1 snds of the tubes 5, 6, 7 and 8. Accord- 
34 in Fig. 71/ to produce the amplified signal m e ly - any of these tubes which has been condi- 
RCC. This is inverted by 2, Fig. 71a for oper- tioned by increased suppressor potential will be 
ating the RC cancel circuit. Either cancel sig- rendered conductive by the positive read-in sig- 
nal ECC or RCC also cuts off a tube 33 to make nal. Tubes 5, 6, 7 and 8 are coupled to the trig- 
it apply a positive signal to the carry triggers 75 gers 13, 14, 15 and 16, respectively in such man- 
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ner that when any of these tubes is rendered so that 23 cuts off 32. Since 32 is cut off, it makes 

conductive, it reverses the associated trigger. If 40 conduct whereby 38 is cut off. As 38 is cut off 

the operational sign is 2, trigger 13 will be re- it conditions the suppressor of 12. At the ter- 

versed. If the operational sign is 1, trigger 14 mination of the read-in signal the control grid 

will be reversed; if the operational sign is 3, trig- p of 12 is conditioned and 12 becomes conductive 

gers 13 and 14 will be reversed; if the operational so as to operate through 28 to produce the in- 

sign is 0, triggers 13 and 14 will remain in can- creased potential on line Isn, representing the 

celled status. If the number sign is -f, then the — operating sign. 

trigger 15 will be reversed and if the number sign Example 3. — Assume the number sign is — and 

is — , then the trigger 16 will be reversed. 10 the operational sign is 2. Accordingly, triggers 

The various examples of number and opera- 13 and 16 will be reversed. Reversed trigger 13 

tional signs are given below: cuts off 29 to condition the control grid of 37. 

Example 1. — Assume the number sign is + and 14 in normal status cuts off 22, 23, and 30. 15 
the operational sign is 2. Accordingly, the trig- in normal status cuts off 21. With both 21 and 
gers 13 and 15 will be reversed. With 13 and 15 15 22 cut off, 31 is receiving increased suppressor 
reversed, 2 1 is rendered conductive. As 2 1 is con- and control grid potentials and is conductive, 
ductive, it cuts off 31 and 31 thereupon condi- thereby cutting oif 39. Accordingly, 39 condi- 
tions the suppressor of 39. With 14 in normal tions the suppressor of 37. Also, 29 being cut off , 
state, it cuts off 30 which accordingly conditions conditions the control grid of 37. Hence, 37 is 
the control grid of 39. As both the suppressor 20 conductive and 4 is deconditioned so that the 
and control grids of 39 are conditioned by in- tube 3B will remain conductive and the + oper- 
creased potentials, 39 becomes conductive and ating sign, line Isn, will remain at ineffective 
cuts off 37. With 37 cut off, it conditions the low potential. With 13 and 16 reversed, 24 is 
suppressor grid of 4. The positive read-in signal conductive cutting off 32 which through 40 cuts 
ACC-RI which is applied to the control grids of 25 off 38. Accordingly, 12 is conditioned to operate 
5, 6, 7, and 8 to render any of these conditioned upon the termination of the ACC-RI pulse so as 
tubes conductive, also is applied to the control to cause 28 to produce the effective increased po- 
grid of tube 40a making this tube conductive so tential of the — operating sign, line Isn. 
as to render 4 and 12 non-conductive until the Example 4. — Assume the number sign is — and 
termination of the read-in signal. When this 30 the operational sign is 1. Accordingly, triggers 
read-in signal terminates, 40a again becomes 14 and 16 will be reversed. 13, in normal status 
non-conductive and applies increased potential cuts off 30 so as to condition the control grids of 
to the control grids of 4 and 12. In the present 38 and 39. Trigger 15 in normal status cuts off 
example, the suppressor grid of 4 has been con- 23 so as to condition the control grid of 32. 13, 
ditioned. Accordingly, when 40a becomes non- 35 in normal status cuts off 24 so as to condition 
conductive, 4 becomes conductive and cuts off the suppressor of 32. Accordingly, 32 is conduc- 
the power tube 36 which thereupon applies in- tive and cuts off 40 to condition the suppressor 
creased potential to the output line 2sn to serve of 38. Since the control grid of 38 is also con- 
as a representation of the + operating sign. The ditioned, it becomes conductive so that the — 
line Isn remains at decreased potential so as not 40 operating sign will not be read out. Since 14 
to manifest the — operating sign. In the pres- and 16 are both reversed, in this example, 22 is 
ent example this result is obtained as follows : conductive thereby cutting off 3 1 . As 3 1 is cut 
With 14 in normal status it is cutting off 22, 23 off it applies conditioning potential to the sup- 
and 30. With 16 in normal status it is cutting pressor of 39 which is also at increased control 
off 24. As 23 is cut off it conditions the control 45 grid potential. Hence, 39 becomes conductive 
grid of 32. Also, 24 being cut off conditions the and cuts off 37, with the result that the line 2sre 
suppressor of 32. Hence 32 conducts and cuts will be at high potential at the termination of 
off 40 to apply conditioning potential to the sup- the read-in signal as now understood, 
pressor of 38. Since 30 has been cut off it is It is seen from the above examples that when 
applying conditioning potential to the control 5 q the operational sign is 2, then the operating sign 
grid of 38. Therefore, 38 is conductive and de- is the same as the normal sign, but, when the 
conditioning 12. The latter thereby remains operational sign is 1, then the operating sign is 
non-conductive and sustains the power tube 28 the reverse of the number sign, 
in conductive condition so that its output, the Example 5. — Assume the operational sign is 0. 
line Isn. remains at low potential. 55 Accordingly, 13 and 14 will remain in cancelled 

Example 2.— Assume the number sign is + and status. With 13 and 14 in this status, 29 is con- 
the operational sign is 1. This operational sign ductive and cutting off 37. Hence, at the ter- 
is to cause the inversion of the number sign. Ac- mination of the read-in signal ACC-RI 4 will be 
cordingly, the mixing network for this example rendered conductive and 36 non-conductive to 
should produce the — operating sign. It is un- go produce the effective increased potential on the 
derstood now, with the signs assumed for this line 2sn, such potential manifesting a + operat- 
example, the triggers 1 4 and 1 5 are reversed. ing sign. It will be noted that with 1 3 in can- 
With 14 reversed, it cuts off 29 which thereupon celled status, it cuts off 30 to condition the con- 
conditions the control grid of 37. With 13 in trol grid of 38. Also 14 in cancelled status cuts 
normal status it cuts off 21 which thereupon 6 5 off 23 conditioning the control grid of 32. 24 is 
conditions the control grid of 3 1 . Trigger 16 re- also cut off by 13 and conditions the suppressor 
maining in normal status cuts off 22 so as to con- of 32. Accordingly, 32 will conduct and through 
dition the suppressor of 31. Hence 31 is conduc- 40 will condition the suppressor of 38. Since the 
tive and cuts off 39 to apply conditioning poten- control grid of 38 also has been conditioned, 38 
tial to the suppressor of 37. Since 29 is apply- 70 conducts so that 12 will not be conditioned and 
ing conditioning potential to the control grid of the - operating sign Isn will remain at ineffec- 
37, the latter becomes conductive and decondi- tive low potential. 

tions 4 with the result that the output line 2sn It is seen from this example that when the op- 

wiU remain at ineffective, low potential. 14 and erational sign is 0, a + operating sign will be read- 

15 being in reversed status, render 23 conductive 75 out, regardless of the number signs. 
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Example 6. — Assume the operational sign is 3. 
Accordingly, 13 and 14 are both reversed, caus- 
ing 30 to become conductive. With 30 in conduc- 
tive status it cuts off 38 and 39. 39 thereupon 
conditions the suppressor of 37. With 13 and 14 5 
in reversed status, 29 is cut off conditioning 
the control grid of 37. Hence 37 is conductive 
while 38 has been cut off. Under this condition, 
as now understood, the line 2sn will be at ineffec- 
tive potential while the line isn will be at effec- 10 
tive potential for representing the — operating 
sign. 

It is seen from this example that when the op- 
erational sign is 3, the operating sign will be — 
regardless of the number sign. 15 

As explained above, the + and — operating 
signs for a number entry into the accumulator 
are represented by increased potential selectively 
present on lines Isn and 2sn (Pig. 71a), respec- 
tively. The conditions of these lines will be 20 
unchanged until a new number entry is made. 
Lines tsn and isn connect to the internal com- 
mutator of the accumulator and according to 
which of the lines is at high potential the in- 
ternal commutator will control means for trans- 25 
f erring either the true number or its complement 
from registers EC to RC. Specifically, high po- 
tential on line Isra or 2sn renders 17 or 17a in 
Pig. 71b conductive to set a sign storing trigger 
21 in — or + sign storing state, respectively. 30 
The + state is the shown state while the — state 
is the reverse state of 21. Depending on whether 
21 is in — or + state, it cuts off 22 or 22a, re- 
spectively. If 22 is cut off it acts via 33, Fig. 71b, 
to hold a line neg at low potential which is in- 35 
verted by an amplifier (Pig. 70) to increased po- 
tential on the line 5A-5B. If 22a (Pig. 71b) is 
cut off, it acts via 29 to hold a line pos at low 
potential which via an amplifier (Pig. 70) pro- 
vides increased potential on the line 6A-6B. Line 40 
5A-5B connects to the suppressors of pairs of 
tubes 9 and 13 (see Figs. 69a and b) of which 
there is a pair in each of the accumulator orders 
1 to 29 (also see Pig. 71b) . Line 6A-6B connects 
to the suppressors of pairs of tubes 10 and 14, 45 
each of accumulator orders 1 to 28 including one 
pair of these tubes. Thus, depending on whether 
the operating sign is — or +, the tubes 9 and 13 
or 10 and 14 in the accumulator orders will be 
conditioned. With 9 and 13 conditioned, the 50 
complement of the number in EC will be trans- 
ferred during an ensuing accumulator cycle (Pig. 
72) to RC, but with 10 and 14 conditioned, the 
true number will be transferred during the ac- 
cumulator cycle from EC to RC. 55 

The accumulator cycle is initiated under con- 
trol of a negative start signal ACC-ST produced 
by the commutator ACC.C (Pig. 78A) one AP 
pulse cycle after the entry signal ACC-RI (see 
Section 17, item 15b) . This start signal will take 60 
effect, however, only if a proper determination 
of an operating sign has been made. Assuming 
that the + operating sign is being manifested, 
then 17a, Fig. 71b, is conductive and in addition 
to insuring that sign storing trigger 21 is in + 65 
state (the shown state) , cuts off 30 and 34a. If, 
instead, the — operating sign is manifested, tube 
1 7 is conductive and besides establishing trigger 
21 in — state, also cuts off 30 and 34. With 30 
cut off, it acts via 31 to cut off 35. Thus, if 70 
either or both operating signs are manifested, 
then 35 will be cut off, but if neither operating 
sign is manifested, 30 will be conductive and 
through 31 will maintain 35 conductive. If either 
operating sign alone is manifested, then either 75 



34 or 34a, but not both, will be cut off, and the 
output of 34 — 34a will remain at low potential so 
as to cut off 35a. If, by misoperation, both oper- 
ating signs are manifested, then both 34 and 34a 
will be cut off and 35a will be conductive. From 
the foregoing, it is evident that the couple 
35 — 35a will be cut off only if a proper operating 
sign determination has been made. 

Assuming couple 35 — 35a has been cut off, it 
acts through 36, Fig. 71b, to place terminal SNI 
at reduced potential. Low potential on terminal 
SNI cuts off 21, Pig. 71c, to condition the sup- 
pressor of start control tube 35. Upon termina- 
tion of the entry signal ACC-RI, the negative 
start signal ACC-ST is produced, as previously 
stated. This signal cuts off 36a to condition the 
control grid of tube 35. Hence, if a proper oper- 
ating sign determination has been made, the 
start signal causes 35 to become conductive. 35 
thereupon acts via 36 and 18 to reverse start 
trigger 15. Reversed trigger 15 conditions 10 to 
be made conductive by the next B+ pulse and 
thereupon to reverse 16. With 16 reversed, it 
serves via 18a to condition 20 to respond to A+ 
pulses. The output of 20 is effective via 28a, 31 
and 32 to cause negative pulses, in phase with the 
A+ pulses, to appear on line Ctr-ln. This is the 
common input line for the accumulator timer 
(Pig. 71d). The fourteen stages of the accumu- 
lator timer are designated TO to TI3 and per- 
form a complete ring of operation in response to 
fourteen input pulses at A+ timing. The ac- 
cumulator timer, acting through associated tubes, 
sequences operations of the accumulator unit 
during the 14-point accumulator cycle (Pig. 72). 
It is evident that the first input pulse turns TI3 
which reverses stage TO. The succeeding input 
pulse resets TO to cause Tl to be reversed, and 
so on. The stages TO to TI2 are thus reversed, 
each for a cycle point, at the "0," "1" . . . "11" 
and "12" times of the cycle, while TI3 is turned 
at "0" and reset at "13," completing the ring 
operation of the timer. 

During the accumulator cycle, a series of ten 
positive pulses BEP (see Fig. 72) is applied at the 
mid-index times "0.5," "1.5" . . . "8.5" and "9.5" 
to the line 9A-9B connected to the control grid 
of the tube 16 in each accumulator order (see 
Figs. 69a, b and 70) . These pulses BEP are in- 
verted by 16, if the latter has been conditioned 
by increased suppressor potential, to negative en- 
try pulses applied to the input of the stages 1,2, 
4 and 8 of the register order RC. Also, during 
the accumulator cycle, ten positive pulses ARP 
are applied to line 4A-4B connected to a tube 12 
in each of orders 1 to 28. These pulses ARP 
occur at the cycle points "1," "2" . . . "9" and 
"10." Tube 12 inverts the applied positive pulses 
to negative entry pulses on the input of the stages 
of the register order EC. As previously explained 
in Section 5, ten pulses applied to a register order 
effect a value cycle thereof. A number of pulses 
equal to the tens complement of the digit stand- 
ing in EC advances it from 9 to 0, causing stage 
8 to produce a positive carry-out pulse at its 
terminal c. Assuming that the true number is 
being transferred from EC to RC, then the pair of 
tubes 10 and 14 in each of orders 1 to 28 have 
previously been conditioned, as explained. The 
carry-out pulse from an EC order is applied 
through a suitable coupling capacitor 8C to the 
control grid of 10. With 10 conditioned, the 
carry-out pulse renders it conductive to reverse 
the trigger 15 (T/C). Hence, when a true num- 
ber is being read out, this trigger will have been 
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reversed at a cycle point designated by the num- (Fig. 71b) as a negative sign manifestation. As 
ber which is the tens complement of the digit previously explained, during complement entry 
initially in EC. For instance, if the EC order the line 5A-5B is at increased potential condi- 
initially stood at 4 (see Fig. 72), trigger 15 will tioning the tubes 13 and 9 in all the orders, in- 
be reversed at the "6" point of the accumulator 5 eluding the 29th order. The "1" pulse applied 
cycle. Also, when the true number is being trans- to line 8A-8B also is transmitted to 13 in the 
ferred, 14 in each of orders 1 to 28 has also been 20th order rendering it conductive to reverse the 
previously conditioned. At the "10.5" time of the trigger 15 (T/C) in the 29th order. Upon re^ 
cycle, a pulse is applied via line 7A-7B to the yersal of this trigger, it applies conditioning po- 
control grid of 14, causing it to become conduc- jq tential to the suppressor of the gate tube IG in 
tive so as to return , trigger 15 to its initial state. the 29th order. The control grid of this tube is 
During the interval in which trigger 15 was re- connected to the line 9A-9B upon which the 
versed, it acted through 19 to condition 16 to pulses BEP are applied in each accumulator cycle, 
respond to the pulses BEP. The number of these The control grid of 9 in the 29th order is con- 
pulses passed through 16 to the input of RC will 15 nected to the line 7A-7B upon which a positive 
be equal, when the true number is being trans- pulse is applied at the "10.5" time of the cycle, 
ferred, to the digit initially in EC. Thus, in the This pulse will render conditioned 9 in the 29th 
assumed example, where EC is initially at 4, trig- order conductive to restore the trigger 15 in the 
ger 15 is in reversed state from "6" to "10.5" of 29th order, deconditioning tube 16. Since tube 
the accumulator cycle and during this interval, 20 '6 in the 29th order was conditioned from "1" to 
tube 16 will produce four negative, entry pulses "10.5" of the cycle, it will pass nine BEP pulses to 
in phase with the BEP pulses. These four pulses the input of the register RC of this order, thus 
will enter digit 4 into the register order RC. entering 9 therein, as a manifestation of a nega- 
Assuming instead that the complement of a tive sign for the number entered into the regis- 
number in EG is to be transferred to RC, the tubes 25 ters RC. 

13 and 9 in each order have previously been con- To make certain that trigger 15 of the 29th 
ditioned. With regard to the 1st or units order order is in reset status when a true number entry 
(Fig. 69a) a positive "0" pulse is applied, via line into registers RC is called for, the line 6A-6B 
IDA, to the control grid of 13 causing it, if condi- (see Figs. 70 and 71b) connects to the grid of II, 
tipned, to become conductive. 13 thereupon acts 30 Ficr - 71*. This line carries increased potential 
through the- anode resistor of 13 to reverse 1 5. when a true entry is called for as explained be- 
The carry pulse from the EC order is effective fore. This makes II, Fig. 7lb, conductive to 
through the capacitor 8C to render 9 conductive, insure reset of l!5 in the 29th order, 
if conditioned. Upon 9 becoming conductive, it It is evident that successive entries of corn- 
restores 15. It is clear that as far as the units :,:> plements will cause the 29th order to produce a 9 
order is concerned, the trigger 15 will be in re- representation. This will result from the entry 
versed state from "0" of the accumulator cycle °f 9 in the 29th order and the carry from the 
to a point of the cycle corresponding to the tens preceding order manifestly consequent upon the 
complement of the digit in the register order EC. entry of successive complements in the accu- 
During this interval, 15, acting through 19 will 40 mulator. If a complement is standing in registers 
have conditioned 16 to pass the BEP pulses to RC and a positive entry is made therein which 
register RC, thus entering the tens complement is algebraically greater than the complement, 
of the digit initially in EC into RC. As an ex- then the registers RC will produce a representa- 
ample, assume the units order EC initially stands tion of a true balance. As is well known, when 
at 4 (see Fig. 72) . Trigger 15 in the units order 45 the accumulator goes from a complement balance 
therefore will be in reversed state from "6" to to a true balance, carry is always effected into 
"6" of the cycle. During this interval, 18 in the the highest, sign representing order, which is 
units order will pass six BEP, pulses to register the 29th order in this case. This carry will 
RC, entering 6 therein. With regard to the orders add 1 to the 9 previously in the 29th order RC; 
above the first order, a "V pulse will be applied 50 so that this order will then stand at 0, signify- 
via line 8A-8B to 13 so that if 13 is conditioned, ing a true balance. A negative going carry 
it will become conductive and reverse 15 at the pulse, produced in the manner described be- 
"1" time of the accumulator cycle. The carry-out fore by the 28th order is transmitted from its 
pulses from the EC orders act through 9 to re- output terminal 1 9B to the input terminal 1 9A 
store 15 at the point of the cycle corresponding 55 ° f the 29th order. The pulse is inverted by 26a 
to the tens complement of the digit initially in and 32 in Fig. 71b to a negative pulse which is 
EC. Thus, the trigger 15, of each order above the applied via the anode resistor of the gate tube 
first, will be in reversed state for, a number- of ls in this order to the 29th order register RC, 
cycle pomts equal to the nines complement of thereby entering 1 therein, 
the di-at initially in EC. As an example, if EC 60 The Production of the various- pulses required 
in the second order initially stands at 4 (see Fig. in the accumulator cycle is controlled by the 
72) then the related trigger 15 will be in reversed accumulator timer, as previously stated. When 
state from "1" to "6" of the, cycle. During this- stage TO (Fig. 71dE) is reversed at the "0" time 
interval, IS will be conditioned and will nass of the accumulator cycle, it applies a positive 
through five pulses BEP to the input of the related 65 Pulse to the control grid of 2 1 in Fig. 71(Z. At this 
register order RC. In this manner the nines com- time of the cycle, trigger 19, Fig. lid, still is 
plement of the digit in EC of the second order will in cancelled state and applying conditioning 
be transferred to the corresponding order of reg- potential to the suppressor of 21. Hence, when 
ister RC. The entry of the tens complement of T9 applies a positive pulse to the control grid 
the units order digit into RC and the entries of 70 of 2I > the latter becomes conductive and pro- 
the nine complements of the digits in the other duces a negative "0" pulse. This pulse is in- 
orders has the effect of transferring the tens verted by 13, Fig. 71c, to the positive "0" pulse 
complement of the number in EC to RC. which as previously described is applied via 
Each, time a . complement is entered into the line IGA to the control grid of 13 in the units 
accumulator, 9 must be entered in the 29th order 75 order (Figs. 69a and 70) of the accumulator unit. 
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This pulse, as already described, is effective, if 
13 is conditioned, to cause the trigger 15 (T/C) 
to be reversed, so that the tens complement of 
the digit in the first order of EC may be trans- 
ferred to the corresponding order of RC. As 
explained above, 13, Pig. 71c, produced a posi- 
tive pulse at the "0" point of the accumulator 
cycle. This pulse, in addition to being applied 
to the tube 13 in the units order of the ac- 



18. Further, 15 also produces a negative "10.5" 
pulse which is applied via 4 and 3 to an amplifier 
shown in Pig. 70 to produce the positive 10.5 
pulse (Pig. 70). This pulse, as previously de- 
scribed, is applied along line 7A-7B to the tubes 
14 to cause the tubes, if conditioned for true 
number transfer, to restore the triggers 15. 

As explained before, tubes 65e (see Pig. 69b for 
example) are rendered conductive between "11.5" 



cumulator is also applied to tube 9a in Fig. 71c, 10 and "13" of the cycle to prevent carry through 



causing the latter to become conductive and 
thereupon to reverse 14, Fig. 71c. Reversed 14 
conditions the tube 5 to respond to B+ pulses. 
As 5 was conditioned at "0" the first effective 



the 9 position of an order if this order was stepped 
to 9 by a carry. Tubes 65c are controlled by the 
potential on line I3A-I3B. The potential on line 
1 3 A- 1 3B is under control of a trigger 1 1 (Fig. 7 1 d) . 



B-f- pulse occurs at "0.5." In response to the 15 Prior to "11.5" of the cycle, this trigger is in can- 



B+ pulse, 5, when conditioned, acts through 
9 and 2 to produce a negative-going BEP pulse. 
Each such pulse is inverted by an amplifier (Pig. 
70) to a positive BEP pulse. At the "9" time 



celled state in which it maintains T non-con- 
ductive. With 7 non-conductive, it produces in- 
creased potential on the output terminal C-CTL. 
This terminal connects to the correspondingly 



of the accumulator cycle, stage T9 (Fig. lid) 20 designated terminal in Fig. 70 and the increased 



is reversed and conditions 12, Fig. 71d, to re- 
spond to the next B+ pulse occurring at 9.5. 
In response to this pulse 12 becomes conductive 
and reverses trigger 10. Reversed trigger 10 
thereupon conditions 5 to become conductive in 25 
response to the next A+ pulse at "10." Tube 5 
thereupon produces a negative going "10" pulse. 
This pulse acts through 12 and 7 in Fig. 71c to 
restore 14. It is clear then that 14, Pig. 71c, 
is in reversed condition from "0" to "10" of the 30 
accumulator cycle. During this interval, 14 
conditions 5 to respond to ten B-f- pulses and 
thus to bring about the production of the ten 
BEP pulses indicated in Fig. 72. When stage 
TO (Fig. 71d) is reversed at "0" of the cycle, it 33 
also conditions 28 to respond to the next B+ 
pulse at 0.5. Thereupon 2S becomes conductive 
and reverses triggers 18 and 19. 

Upon reversal of 19, it conditions 17 to re- 
spond to the next A+ pulse at "1" of the cycle. 40 
Tube 1 7 therefore produces a negative "I" pulse. 
This pulse is inverted by 28, Fig. 71c, and again 
inverted by 17, Fig. 71c, to a negative "1" pulse. 



potential on the terminal is effective via an am- 
plifier to produce cutoff potential on the line 
I3A-I3B for the tubes 65c. At the "11" time 
of the cycle, stage Til (Pig. 71d) is reversed, 
conditioning 16 for operation at 11.5 by a B-j- 
pulse. Tube 1 6 thereupon reverses triggers 1 1 
and 8. Reversed trigger 1 1 now renders 7 con- 
ductive causing the amplifier (Pig. 70) to produce 
increased potential on line I3A-I3B thereby ren- 
dering the tubes 65c conductive, for the purpose 
explained above. Trigger 8 was reversed as ex- 
plained above at "11.5." The reversed trigger 8 
thereupon conditions 2, Pig. 71tf, and the next 
A+ pulse at "12" of the cycle renders 2 conductive 
to produce a negative "12" pulse. This pulse 
is inver ted by 8, Pig. 71c, and 3 to a negative "12" 
pulse which is inverted by an amplifier, (Fig. 70) 
to the positive carry operating pulse C-OP on 
the line I7A-I7B. 

At the "12" time of the cycle, stage TI2 (Fig. 
71d) is reversed, conditioning 14 to respond to 
the B+ pulse at 12.5 and thereupon to restore 
8 and to turn 6. Reversed trigger 6 conditions I , 
Fig. 7 Id, to respond to the A+ pulse at 13 of the 



The pulse produced by 17, Fig. 71c, is inverted 

by an amplifier (Fig. 70) to the positive "1" pulse 45 cycle. Tube I thereupon produces a negative 
which is applied via line 8A-8B to the tubes 13 "13" pulse. This pulse acts through 8a, Fig 71c, 
in the orders of the accumulator unit above the and 4 to produce the negative signal CYCT. This 
1st order. As previously described, this pulse signal will control the production of a cycle corn- 
will act through tubes 1 3, if conditioned, to cause plete signal CYCPT in a manner explained sub- 
triggers 1 5 to be reversed at the "\" time in order 50 sequently. When I, Fig. 71d, became conductive 
to initiate transfer of the nines complement of at "13" of the cycle, it also restored 1 1 , Fig. 715, 



the digits standing in the EC orders 2 to 28 
to the related registers RC, and to initiate entry 
of 9 in the 29th order, as already explained. 

As explained in the preceding paragraph, 17, 
Pig. 71c, produced the negative "1" pulse. The 
tube 17 also produces at this time a pulse for 
restoring start trigger 15, Fig. 71c. 

The trigger 18, Fig. 7ld, is reversed at "0.5" 
of the cycle, as previously described. The re- 
versed trigger 18 conditions 9 to respond to A 
pulses, the first effective one occurring at "1" 
of the cycle. At the "10" point of the cycle, the 
stage TIO is reversed and conditions 15 to be 
made conductive by the next B-f- pulse at 10.5 
so as to restore 18. It is seen that 18 is in 
reversed state from 0.5 to 10.5 of the cycle. Dur- 
ing this interval, 9 produces ten negative ARP 
pulses. These pulses are applied by way of 12a 
and 6 in Pig. 71c to an amplifier (Fig. 70) which 
produces the ten positive ARP pulses indicated 
in Fig. 72. 

Stage TIO (Pig. 71d) is reversed at the "10" 
time of the cycle and causes 1 5 to respond to the 



terminating the period of increased potential on 
the line 1 3A-1 3B (see Figs. 695 and 70) . 
Also, at the "13" time of the cycle, stage TI2 
55 (Fte- 71<J) is restored, and effects reset of stage 
TI3. Stage TI3 thereupon conditions tube 13 
to be made conductive by the B+ pulse at 13.5 
and thereby to restore trigger fi, under control of 
which the signal CYCT was produced. Further, 
60 when stage TI3 is restored, it produces a nega- 
tive going pulse STC. This pulse is applied to 
16, Pig. 71c, restoring it to terminate the produc- 
tion of input pulses for the accumulator timer. 
Mention has been made of the production of 
65 the negative signal CYCT (see Fig. 71c) at the 
"13" time of the cycle. This negative signal acts 
through tubes 2 and 2 a in Fig. 71/ to reverse 
trigger 8. Pulses AP are produced by the main 
pulse generator, as explained in Section 4, at a 
70 frequency of 4 kc. The effective AP pulses re- 
ferred to hereinafter are the negative going AP 
pulses. After reversal of 8, Pig. 71/, an AP pulse 
restores this trigger. Upon restoration of the 
trigger, it turns 7, Fig. 71/. The next AP pulse 



B+ pulse occurring at 10.5 so as to restore 10 and 75 restores this trigger 7. While in its reversed 
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■state, trigger 7 cut6 off 5a to produce a positive 
signal CPT. This signal renders the normally 
conditioned tube 15, Fig. 71g, conductive. Tube 
16 thereupon produces a negative pulse which 
acts via 24 and 32 to produce the negative going 
cycle complete signal CYCPT. This signal goes 
to the accumulator control commutator ACC.C 
(Fig. 78A) which reacts in a manner described 
in Section 17, item 156, to initiate operation of 
the main commutator to remove the already en- 
tered number and its sign from the Internal bus- 
sets and to terminate the previous operational 
sign signal. The main commutator proceeds to 
apply the next number and sign to the Internal 
bus-sets and to cause a new operational sign to 
be applied to the sign-mixing circuit (Fig. 71a) , 
ail as described in Section 17, item 17. The 
commutator ACC.C then proceeds as before to 
produce the cancel signal ECC f or cancelling the 
registers EC. As previously mentioned the RCC 20 terminal 
cancel signal will not be produced by commutator 
ACC.C except as a prelude to the entry of the 
first number of a succession of numbers. The 
commutator ACC.C also produces, as before, the 
signal ACC-RI for causing the entry of the new 
number now on the Internal bus-sets into reg- 
isters EC at the termination of the ECC cancel 
signal. The commutator ACC.C then produces 
the start signal ACC-ST as a result of which 
a new accumulator cycle is initiated.. Birring 
this accumulator cycle, the accumulation of the 
new number in EC with the number previously 
entered in RC is effected. 
In the foregoing manner, successive numbers 
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4 and 8 are in reset status and are cutting off 
IQa, 1 0, 9a and 9 respectively. The common out- 
put of these tubes therefore is at increased po- 
tential which is applied to the suppressor of 13, 
conditioning it to become conductive when the 
terminal CK increases in potential. Upon 1 3 be- 
coming conductive, it acts through 14 and 19 to 
establish a trigger 20, Fig. 71b, in shown status. 
In its shown status, 20 conditions the suppressor 
of RCV2 in Fig. 71b. Subsequently, a result 
readout signal ACC-RO will be applied to the 
control grid of RCV2 to make it conduct and 
apply reduced potential to the + sign bus 2 in 
column 1 of the Internal Out bus-set. When 
13, Fig. 716, becomes conductive, as described 
above, as a manifestation during the sign check 
that the result sign is -f-, it also serves via 14 
to apply increased potential to the terminal O.CK. 
This increased potential is transmitted to the 
O.CK, Fig. Tig, connected to the 
control grid of 7, Fig. Tig. It may be stated 
now that rounding off or half correction 
is normally effected. Trigger 5, Fig. 71^ is 
in shown status if half correction is not sup- 
pressed. To insure that this trigger is in shown 
status before accumulation starts, the main com- 
mutator produces a negative signal HCR prior to 
the start of accumulation, as will be described in 
Section 1 7, item I 1 . The signal acts via 4, Fig. 
7l£r, and 16 to establish 5, Fig. 7 Iff, in shown 
status unless half correction is called for. The 
signal HCR also serves via 4 and 16 in Fig. 71flf 
to establish tolerance check storage trigger 22, 
Fig. 71gf, in shown status. If half correction is 



may be entered into the accumulator unit. After 35 not to be effected, a negative signal H. C. S. is 



the last number of the succession of numbers 
has been entered, main sequence acts through 
commutator ACC.C to produce a negative control 
signal R.ROC (see Section 17, item 18). The 
upper portion of Fig. 73 is a timing chart indi- 40 
eating the important operations when the ac- 
cumulated result is positive. This signal oper- 
ates via 36, Pig. tig, and 3Sa to reverse 31 which 
. thereby serves as a storage element for storing 
the fact that a readout control signal has been 4.~> 
sent out by main sequence. Reversed trigger 3 1 
acts through 28a to reverse 20. 

The next AP pulse restores 20, Fig. 71g. Mean- 
while, 20, while in reversed state, initiates a sign 
test of the result in the accumulator. As ex- 
plained before, the 29th order will register 0 at 
the end of a series of number accumulations in 
the accumulator if the algebraic sum of the 
numbers is positive. On the other hand, the 
29th order will register 9 if the algebraic sum 
of the series of numbers is a complement, indi- 
cating a negative result. The trigger 20, Fig. 7l£r, 
when reversed, initiates a test of the 29th order 
to determine whether it stands at 0 or 9. Re- 
versed 29 serves via 12 to apply increased poten- 
tial to terminal CK, Fig. 71g, which connects to 
terminal CK in Fig. 71b. The increased poten- 
tial on these terminals is applied to the control 
grids of 13 and 15, Fig. 71b. If the 29th or sign 
register order of the accumulator is at 0, indi- 
cating a positive result, then 13, Fig. 71b, will 
have been conditioned and will be rendered con- 
ductive by the application of increased potential 
to its control grid. But if the 29th order is at 9, 
indicating a complement result, then 1 5, Fig. 71b, 
will have been conditioned and will be rendered 
conductive by the increased potential applied to 
its control grid. 

Assume first that 29th order of the accumu- 
lator stands at 0. Accordingly, its stages 1, 2, 
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applied before the run of accumulation starts 
to the tube I, Fig. 7 Ig, cutting off this tube. This 
causes the tube la to reverse trigger 5, Fig. 7l£r. 
Reversed trigger 5 is effective via 1 0 to maintain 
increased conditioning potential on the suppres- 
sor of 7, Fig. 7l£r. Accordingly, when the ter- 
minal O.CK is increased in potential as explained 
before, it renders 7, Fig. 71sr, conductive. Upon 7 
becoming conductive, it acts through 6a to render 
18a conductive. The tube 18 is cut off at this 
time because 17a is now conductive. This is so 
because tube 3, Fig. 71/, is cut off except when a 
complete signal is being transmitted by reversal 
of trigger 7, Fig. 71/, as previously described. 
Furthermore, 16, Fig. 71/, is in shown status at 
this time and also cuts off 3, Fig. 71/. The out- 
put line 3!7 of 3, Fig. 71/, connects to the grid 
of 17a, Fig. 71sr. Accordingly, with 3, Fig. 71/, 
cut off, 17a, Fig. llg, is conductive and cutting 
off 18. 18a normally is cut off and conducts 
when 6a is cut off as a result of 7 being made to 
conduct by the increased potential on the ter- 
minal O.CK. The output of couple 18 — 18a 
thereupon goes down in potential and causes Pro- 
ceed trigger 19 and Readout trigger 23 to reverse. 

Upon reversal of 23, it applies increased poten- 
tial to the control grid of 27. During this time 
the negative result readout control signal R.ROC 
is still holding 36 non-conductive, so that the 
suppressor of 27 also is at increased potential. 
Accordingly, 27 becomes conductive upon reversal 
of 23 and cuts off 30. Previously, 30 was in con- 
ductive condition. Its suppressor is connected 
via wire 2530 to the common output of 25, Fig. 
71/, and 32a, Fig. 71e. Tube 32a, Fig. 71e, is 
normally cut off under control of trigger 27 in 
its shown state. 25, Fig. 71/, is normally cut 
off under control of 9, Fig. 71/, in shown state. 
Therefore, line 2530 and the suppressor of 30, 
Fig. Tig, are normally at increased potential, as 
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Is the control grid. When 23 is reversed, as ex- completion of the readout operation before the 

plained above, it acts through 27 to cut off 30, main sequence means is allowed to call in the 

causing 35, Pig. 71g, to produce a negative signal next operation. 

ACC-RO. This is inverted by an amplifier in At the termination of the signal R.ROC, 36, 

Fig. 70 to produce the ACC-RO positive signal 5 Fig. 71fl, is effective to restore 23, Fig. 71sr. 

upon line 22 A — 22B. After the result has been read out, the main 

It should also be noted that when 27, Fig. 71gr, commutator produces a positive signal CTLR, in 

becomes conductive, it reverses the trigger 34, a manner explained later in Section 17, Item 

Fig. 7 Iff. The next AP pulse restores 34, causing 19. This signal acts through 19a, Fig. 71b, to 

it to restore the trigger 31 which has been storing iu insure that 20 is in shown state and acts through 

the result readout control signal R.ROC. 27 to insure 23 being in shown state, before 

The signal ACC-RO is applied along line the start of the next accumulation run. 
22A — 22B (Figs. 69a, b and 70) to the control The reading out of a positive result from the 
grids of the tubes RCV8, 4, 2 and I. There is accumulator has been described. Assume in- 
a set of these tubes in each order except the 15 stead that the result number is a complement 
29th (Fig. 71b) which contains only the tubes as manifested by the presence of 9 in the 29th 
RCV2 and I. The suppressors of tubes RCV order RC (Fig. 71b). The lower portion of 
in each of orders 1 to 28 will be selectively at Fig. 73 is a timing chart indicating the timing 
increased potential under control of reversed, of the important operations which follow the 
correspondingly numbered stages of the register 20 sensing of a complement in the accumulator. 
RC in the order. Accordingly, the application As will be made clear, as a result of sensing 
of the positive signal ACC-RO is effective to a complement, a series of events are initiated 
render the conditioned ones of the tubes RCV which are entirely under the control of the in- 
conductive, causing them to apply decreased po- ternal commutator of the accumulator unit and 
tentials to the connected buses of the Internal 25 include the reading out of the complement from 
Out bus columns. Assume, for instance, that registers RC, the entry of this complement into 
in the first order (Fig. 69a) the digit standing registers EC and a complement transfer of the 
in the register RC is 7, so that stages I, 2 and complement in EC to RC. Such transfer re- 
4 are reversed. Hence, the tubes RCV I, 2 and suits in RC containing the true digits of the 
4 in the first order are conditioned and become 30 negative result of the accumulation. The in- 
conductive in response to the signal ACC-RO. ternal commutator then proceeds to cause the 
These conductive tubes apply decreased poten- true digits of the negative result to be read out 
tials to the buses I, 2 and 4 of the Internal Out of RC along with a negative sign, 
bus column 29, thereby applying binary digits After the final accumulating cycle of a run 

1, 2 and 4, equivalent to decimal notation digit 35 of accumulation, the commutator ACC.C (Fig. 
7, to this bus column. The tubes RCV I and 2 78 A) produces the R.ROC signal, as in the case 
in the 29th order (see Fig. 71b) are selectively of a positive result. This signal reverses 31, 
conditioned according to the status of trigger Pig. Hg, to cause the reversal of 20, Pig. 71g r . 
20 which is controlled by the 29th order RC Reversed trigger 20 acts through 12, Fig. 71sr, 
according to whether this order stands at 0 40 to apply increased potential to the terminal CK, 
or 9. As described, 20, Fig. 71b, is reversed, Fig. 71fif, connected to CK, Fig. 71b, such in- 
if the 29th order is at 0, and conditions RCV2. creased potential producing the sign test of the 
Accordingly, the ACC-RO signal will cause this 29th order for 0 or 9, as previously described, 
tube to conduct, reducing the potential on bus Assuming that 9 is in the 29th order, its stages 

2, column 1 of the Internal Out bus-set, this 45 8 and I are in reversed state and cutting off 
serving as an electrical manifestation of a + tubes 12 and 12a, thereby conditioning tube 15. 
sign for the result. The increased potential applied to terminal CK, 

In the foregoing manner, a positive algebraic Fig. 71b, therefore makes 15 conduct. Upon 
sum and its sign are read out from the accumu- 15 conducting it reverses 20, Fig. 71b. The re- 
lator unit. 50 versal of 20 effects the reversal of 23 which 

It was stated before that the Proceed trigger thereby stores the fact that a negative result 
19, Fig. 71ff, was turned upon the occurrence of sign has been sensed. With 20, Fig. 71b, re- 
increased potential on the sign check terminal versed, it conditions the tube RCV I so that sub- 
O.CK. The next AP pulse resets 19. Mean- sequently a readout signal ACC-RO will be ef- 
while, 19 cuts off 14a, Fig. llg. The output of 55 fective to make this tube conduct and apply 
this tube is coupled with the outputs of two reduced potential to bus I of Internal Out bus 
tubes II and I la. Unless a tolerance check column 1, thereby representing a — sign. When 
operation is being effected, the trigger 22 re- 15 became conductive it also operated through 
mains in shown state and is effective via 24a IB to apply increased potential to the line 9CK. 
to maintain I la at cutoff. The trigger II, Fig. 00 This causes 5, Fig. 71/, to conduct and thereby 
71/, is in shown state and blocking tube 10, reverse 6, Fig. 71/, and 9, Fig. 71/. When 9 
Fig. 71/. This tube therefore renders 4a, Fig. turns, it causes 4 to conduct and apply a negative 
71/, conductive to apply cutoff potential via wire pulse via the anode resistor of 17 to the trigger 
411 to tube II, Fig. 71sr. Accordingly, under 13, reversing this trigger. The next AP pulse 
the stated conditions when the Proceed trigger 63 restores 13, causing 14 and 18 to be reversed. 
19, Fig. 71sr, is reversed, cutting off 4a, the The following AP pulse restores 14 which there- 
common output of 14a, II and Ha rises in po- upon causes 15 to be reversed. The next AP 
tential and is effective via 26 to send out a pulse restores 15 so as to cause 9 and 18 to be 
negative Proceed signal to the accumulator con- reset. Upon restoration of 1 8, it turns trigger 
trol commutator ACC.C (Fig. 78A). In a man- 70 19 for one AP pulse time. 

ner explained subsequently in Section 17, Item While 9, Fig. 71/, is in its reversed state, it 

18, this Proceed signal, after a delay equal to makes 25, Fig. 71/, conduct. The anode line 2530 

the duration of three AP pulses, causes termina- of 25 is connected to the anode of 32a, Fig. 71e, 

tion of the result readout control signal R.ROC. which is normally at cutoff. Accordingly, when 

The mentioned delay insures ample time for 75 trigger 9, Fig. 71/, is turned and renders 25. Fig. 
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Tl/, earutaeCve, ft applies a negative signal to 
ttoe normally conductive tube 30, Fig. 71ff, cutting 
off this tube. Hence, 35 conducts and sends out 
fine negative readout signal ACC-RO, which is 
inverted toy an amplifier (Fig. 70) to the positive 
ACC-RO signal on the line 22A — 22B. Conse- 
quently, the tens complement result in orders 1 
t» 28 of the registers RC is read out upon the In- 
ternal Oat bases 29 to 2 . Also, the ACC-RO sig- 
nal renders the conditioned tube RCVi, Fig. 71b, 
conductive so as to apply the negative sign sig- 
nal to bus 1 in column 1 of the Internal Out bus- 
set. Hie number and sign on the Internal Out 
taus-set are transmitted through the amplifier 
(Fig. 39) to the Internal In bus-set and thereby 
«ppMed %o the entry tubes ECE (Figs. 69a and b>. 
Ititen, the trigger 14, Fig. 71/, is turned (also see 
Fig. 78 ) It makes I 7a conduct, causing its output 
Imes IT20 to drop in potential so as to cut off 
20, Fig. 71e, whereupon 23 acts through 12 to ap- 
ply the negative BCC cancel signal to the tube 
A, Fig. 71a. As a result, the EC registers and the 
earry triggers K (s«Bga. 69a and 6) are reset. 

"When trigger IB, Fig. 71/, is turned (also see 
F!g. 73) , it makes 22 conduct, whereupon its out- 
put line 2235 drops in potential so that 35, Fig. 
Tie, is cut off. As a result, 36 becomes conduc- 
tive and produces the negative signal ACC-RI 
■which is Inverted by an amplifier (Fig. 70) to the 
positive signal ACC-RI on the line I A — IB. The 
trigger 14, Fig. 71/, is restored one AP pulse be- 
fore the restoration of 18, Fig. 71/, so that the EC 
cancel signal terminates while the read-m signal 
1s still effective. As a result, the complement now 
on the Internal In bus-set is entered into reg- 
isters EC. 

During the turned interval of 1 9, Fig. 71/ (also 
see Fig. 73) it conditions the control grid of 21. 
As J, Fig. 71/, has now been restored, it cuts off 4 
so as to apply increased potential to the suppres- 
sor of 21, Accordingly, 21 is now conductive 
under control of the restored trigger 9 and the 
turned trigger 1 9 and produces a negative RCC 
cancel signal which is transmitted by 33 and 34 
to 2. Fig. 71a, and causes registers RC to be reset. 

Upon the restoration of trigger 19, Fig. 71/, it 
turns 24, "Fig. 71/. As a result, increased poten- 
tial is applied to the control grid of I, Fig. 71/, 
causing this normally conditioned tube to pro- 
duce a negative output pulse which cuts off 23, 
F9g. 71/. Tube 29 thereupon applies a positive 
pulse to the line CC18. This pulse renders 18, 
Fig. 71b, conductive thereby establishing the trig- 
ger 21 in reversed, minus sign state. In this re- 
versed state, trigger 2 1 Is effective through 22 and 
33 to apply decreased potential to the line neg. 
This decreased potential is inverted by an ampli- 
fier -(Fig. 70) to increased potential on line 
IA— 5B, as a result of which the tubes 9 and 13 
in registers EC (Figs. 69a and V) are conditioned 
for controlling complement entry into registers 
SC. 

The trigger 24, Fig. 71/, is restored by the next 
AP pulse following its reversal. Upon its restor- 
ation, 24 turns 1 6, Fig. 71/. Trigger 1 6 thereupon 
applies increased potential via line 1 6 1 3 to the 
tube 13, Fig. 71sr, rendering it conductive. The 
companion tube 1 3a is normally oif under control 
Of 21, Pig. 7 Igr, so that when 1 3 becomes conduc- 
tive a negative going signal is produced on the 
output of 13 — 13a. This negative signal is in- 
verted by 2, Fig. 71g, to a positive signal CC-ST 
which goes to 19, Fig. 71c, and renders the latter 
conductive. Consequently, the start trigger 15, 
Fig. 71c, is reversed. Reversal of this trigger 
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causes an accumulator cycle to occur, in the man- 
ner already explained. During this accumulator 
cycle, which is, in effect, a conversion cycle, a 
tens complement transfer is effected from EC to 
RC. Since the tens complement of the negative 
result has been entered in EC, a tens complement 
transfer of this result to RC brings the true digits 
of the negative result into RC. 

As before, the accumulator cycle complete 
signal CYCT is produced and turns 8, Fig. 71/. 
This results in restoring 6, Fig. 71/. Upon restor- 
ation of 6, it turns 1 1 which thereupon applies 
increased potential to the control grid of 10. 
However, the tube 1 0 remains non-conductive be- 
cause trigger 23, Fig. 71b, has been reversed pre- 
viously and is acting through 31a, Fig. 71b, to 
maintain decreased potential on the terminal 
RS23 . This terminal connects to the correspond- 
ingly numbered terminal in Fig. 71/ and there- 
fore the suppressor of 10 is maintained at de- 
creased potential so that 18 remains non-conduc- 
tive. With 10 non-conductive, it maintains 4a, 
Fig. 71/, conductive, so that its output 41 1 is at 
low potential and the tube 1 1 , Fig. 7 Iff, is cut off. 
The tube 1 la is now also maintained non-con- 
ductive because of the trigger 22 holding the tube 
24a conductive. Both 1 1 and 1 la must be main- 
tained at cutoff in order to allow a Proceed sig- 
nal to be emitted when the Proceed trigger 19, 
Fig. Ilg, is subsequently turned. It will be re- 
called that the Proceed trigger as well as the 
readout control trigger 23, Fig. 7 Iff, are turned 
under control of an O.CK signal when a positive 
balance is sensed in the accumulator, as previous- 
ly described. When a negative balance is sensed, 
then the conversion cycle takes place as explained 
in detail above and the Proceed signal will be 
produced after the conversion cycle. It has been 
explained that trigger 8, Fig. 71/> was turned 
under control of the accumulator cycle complete 
signal CYCT. Trigger 8, Fig. 71/. is restored by 
the next AP pulse following its reversal and upon 
its restoration it turns 7, Fig. 71/. The trigger 
15, Fig. 71/, is still in reversed status and is ap- 
plying conditioning potential to the suppressor 
of 3, Fig. 71/. Upon trigger 7 turning, it applies 
increased potential to the control grid of this 
now conditioned tube 3. Accordingly, tube 3 
becomes conductive and is effective via wire 317 
to cut off 1 7a, Fig. 71ff. Tube 1 7, Fig. 71gr, is nor- 
mally at cut-off, as previously explained. Ac- 
cordingly, when 1 la is cut off, a positive pulse is 
applied by the output of 17— lla to 18, causing 
the latter to conduct and to reverse the Proceed 
trigger 19 and the readout control trigger 23. 
When trigger 18 reverses, it cuts off 14a. Since 
1 1 and 1 la also have been cut- off, as already de- 
scribed, the common output of 14, I I and I la ap- 
plies increased potential to 26, causing the latter 
to emit the negative going Proceed signal which 
is directed to the commutator ACC.C (Fig. 78A) 
and causes the next sequence step to occur, as 
will be described in Section 17, item 18. The re- 
versal of the readout control triggr 23, Fig. 71gr, 
-results in the reading out of the true negative re- 
sult and the — sign now in registers RC, in a 
manner explained before in eonnection with the 
reading out of a positive Tesiilt. 

The next AP pulse following the reversal of I, 
Fig. 71/, restores it and upon its restoration it 
restores 18, Fig. 71/. The trigger 11, Fig. 71/, is 
restored under control of the next, positive CTLR 
signal produced by the mam commutator, as de- 
scribed in Section 17, item 19, in preparation for 
the next run of accumulation. The positive sig- 
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nai CTLR, from the main commutator, is in- 
verted by 3, Fig. 7 Iff, to a negative signal CTLB 
which restores 1 1 , Pig. 71/. 

It is to be noted that if, in the complement 
conversion cycle, a carry is effected to the 29th 5 
order (Fig. 71b) , this order will advance from 9 
to 0. Such occurrence is an indication of a mis- 
operation or that the capacity of the accumu- 
lator has been exceeded. The carry pulse to the 
29th order is applied to its terminal I9A and not i 0 
only operates through 26a, 32, and the anode re- 
sistor of 16 to produce the carry entry into the 
29th order RC but also is effective to restore the 
trigger 23, Fig. 71b, to its cancelled position. 
The trigger 23 in this position is operative 15 
through 31a to apply increased potential to the 
line RS23. This increased potential acts on the 
suppressor of 10, Fig. 71/. Subsequently, when 
trigger 1 1, Fig. 71/, reverses under control of the 
cycle complete signal CYCT, it applies increased 20 
potential to the control grid of (0, Fig. 71/. 
Accordingly, this tube becomes conductive and 
acts through 4a and its output line 4 1 1 to render 
II, Fig. 71o, conductive. Hence when the pro- 
ceed trigger 19, Fig. 71c, is subsequently reversed 25 
to cut off 14a, the conductive tube 1 1 prevents the 
common anode line of 14, II, and I la from rising 
in potential so that the Proceed signal is not 
produced. The result in the accumulator is read 
out, however, in the manner described before but a j 
the main sequence means receives no Proceed 
signal and the machine operation is interrupted 
as an indication of misoperation. 

The main sequence means may call for a tol- 
erance check operation, in a manner described 35 
in Section 17c. This is an operation for check- 
ing the accuracy of a computation. For instance, 
a computation may be effected in one way and 
the result stored. The same computation may 
then be effected in a different way and its result 40 
stored. The two computation results may then 
be sent to the accumulator one as a negative and 
the other as a positive number so that the ac- 
cumulator will obtain the difference if any be- 
tween the two computation results. This differ- 43 
ence is then read out of the accumulator and re- 
entered therein as a negative absolute number. 
The main sequence means then selects the source 
for a tolerance number which has been set up in 
storage. This tolerance number is the allow- 50 
able difference between the results of two com- 
putations of a particular type. This tolerance 
number is entered into the accumulator as a 
positive number. It is apparent that if the tol- 
erance number is equal to or greater than the 5 - 
actual difference obtained between the two com-, 
putations performed in different manners, that 
the computation results are within the tolerance. 
On the other hand, if the tolerance number is less 
than the difference between the two computa- 60 
tions, then the computation results are not with- 
in the tolerance. In other words, if the 29th 
order of the accumulator is at 0 at the end of the 
accumulation of the tolerance number and the 
difference between the two computation results, 65 
then the computations are within the tolerance, 
but if the 29th order of the accumulator stands 
at 9 at the end of the accumulation, then the 
computation results are not within the tolerance. 
Prior to the tolerance check accumulation, main j 0 
sequence applies a negative tolerance check sig- 
nal ToL.Ck to the tube 6a, Fig. 7 Iff. This signal 
cuts off the tube. As a result tube 1 4 is made 
conductive so as to reverse the tolerance check 
trigger 22, Fig. 71ff. With this trigger reversed, 75 



it is cutting off 24a so as to tend to render the 
interlock tube 1 1 a conductive. If tolerance 
check accumulation ends with a 0 in the 29th 
order of the accumulator, then the O.CK signal 
produced by the sign test of the 29th order is ef- 
fective through 7, Fig. 7 Iff, and 6a to render 18a 
conductive so as to reverse the Proceed trigger 
19, Fig. 71ff, and the readout control trigger 23. 
Since a complement conversion cycle has not been 
effected, the trigger 1 1 , Fig. 71/, remains in shown 
status and renders 23 conductive. The output 
2324 of 23, Fig. 71/, is commoned with the output 
of 24a, Fig. 71ff. Hence, even though the tol- 
erance check trigger 22 has reversed and cut 
off 24a, the common output 2324 of 23, Fig. 71/, 
and 24a, Fig. 71a, does not rise in potential be- 
cause 23, Fig. 71/, remains conductive. Accord- 
ingly, I la. Fig. 71ff, stays in cut-off condition and 
does not interfere with the production of a Pro- 
ceed signal to main sequence. 

If the tolerance check accumulation cycle ends 
with a 9 in the 29th order of the accumulator, a 
complement conversion cycle takes place in the 
same manner as explained before in connection 
with Fig. 73. After the completion of the conver- 
sion cycle, trigger 1 1, Fig. 71/, is reversed. Con- 
sequently the tube 23, Fig. 71/, is cut off and since 
24a, Fig. 71c, also is cut off, the output 2324 of 
these tubes is at high potential so tube I la, Fig. 
71ff, becomes conductive and blocks the produc- 
tion of a Proceed signal. This is an indication 
that the computations are not within the desired 
tolerance. 

The description of accumulation thus far has 
considered half correction of the result as sup- 
pressed. When the program calls for a desired 
receiving unit to receive the result, it also calls 
for a desired column shift of the result into the 
receiving unit. The column shift number in se- 
quence is applied to the descending counter (Fig. 
27a) of the denominational shift unit described 
in Section 12. Unless suppressed, half correction 
of the result will be made. It is understood that 
half correction is suppressed unless the column 
shift called for is a shift of at least one column 
to the right. The column shift number deter- 
mines the order of the result to be rounded off 
or half corrected and, thereby, determines the 
sub-units order into which the half correction 
entry of 5 is to be made. If the sub-units order 
of the result is 5 or higher, the half correction 
entry of 5 acts through the carry means of the 
result accumulator to add 1 to the final column- 
shifted result. 

All numbers transmitted to a receiving unit 
from the computing section are to be in true 
form. Accordingly, if the accumulated result is 
negative, a complement conversion cycle will pre- 
cede the half correction sequence. But if the re- 
sult is positive, the half correction sequence will 
start directly after the detection of the positive 
result indicant 0 in the 29th accumulator order. 
. The half correction sequence is under control 
of the internal commutator of the accumulator 
unit. This commutator calls for the accumulated 
result to be read out of the registers RC (Figs. 
69a, b and 70) and brings the denominational 
shift unit into operation to receive the result and 
to effect column shifting thereof for a number of 
steps less by 1 than the column shift number 
entered by sequence into the descending counter. 
This shift brings the sub-units order of the result 
into shift column 1 (Fig. 25) ; hence, for conven- 
ience, this shift may be identified as the sub - 
column shift and the thus-far shifted result may 
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be called the sub-shifted result, Meanwhile* the 
Interna! commutator at the accumulator unit 
causes the EC and RC registers to be cleared and 
thereafter produces an entry of 5 in the 1st order 
EC followed by a true transfer of the 5 into the 
1st order RC. When this 5 entry and the sub- 
units column shift have both been completed, the 
internal commutator of the accumulator causes 
the sub-shifted result to be true added into 
registers RC. The accumulation of the sub- 
shifted result with the half correction entry of 5 
m the 1st order RC effects the rounding off of the 
ultimate result. This is the final stage in the 
half correction procedure performed under con- 
trol of the internal commutator of the accumu- 
lator unit. At this stage, the units order, rounded 
off digit of the ultimate result stands in the 2nd 
order RC. Upon completion of this final stage 
the internal commutator sends a Proceed signal 
to main sequence. Main sequence then func- 
tions, in the manner described later in Section 
17, item 20, to direct the result from registers 
RC to the shift columns and to cause ths de- 
nominational shift unit to resume operation. 
Since the descending counter (Fig. 27a) now 
stands at 1, the denominational shift unit will 
perform the final shift step which brings the 
Units order of the ultimate result into shift col- 
umn 1. Thus, the total number of shift steps 
called for by main sequence has been effected and 
the shifted result is a rounded off result. 
•: : Pig, 74 Is a timing chart indicative of the half 
Correction procedure. Since it is assumed that a 
half correction suppression signal HCs has not 
been received by I , Pig. 71c, the trigger 8, Fig. 7iff, 
remains in shown state. With the trigger in this 
state, it allows the potential on certain control 
lines to remain at high or low potential, as the 
case may be, and these lines are marked HC+ 
Or IIC—, indicating respectively high or low po- 
tential on these lines during the half correction 
procedure. 

. As mentioned before, the commutator ACC.C 
(Pig. 78A) applies a negative going start signal 
ACC-ST to the internal commutator of the ac- 
cumulator unit. This start signal initiates an 
accumulating cycle. The first signal ACC-ST is 
effective when half correction is not suppressed 
to reverse a trigger 20, Fig. 71/, as follows. This 
signal ACC-ST, besides being applied to 36a, Fig. 
71c, is also applied to 32a, Fig. 71/, cutting it off 
to apply increased potential to the control grid 
of 28. With trigger 5, Pig. Hg, in normal status, 
it serves via 9, Fig. 71a, and line 928 to apply 
conditioning potential to the suppressor of 28, 
Pig. 71/. Accordingly, when the control grid of 
21 is raised in potential under control of the sig- 
nal ACC-ST, 28 conducts and turns 20, Fig. 71/. 
Turned trigger 20, Fig. 71/, acts via line 2017 to 
render 17, Fig. 71a, conductive. This serves as 
a Proceed signal block until trigger 20, Fig. 71/, 
is reset, which will not occur until the half cor- 
rection sequence has been completed, as will be 
described. 

Accumulation of a plurality of numbers is ef- 
fected in the manner already described. After 
the last accumulator cycle in the accumulation 
run has been completed, commutator ACC.C 
(Pig. 78A) produces the readout control signal 
R.ROC which causes trigger 31, Pig. 71fir, to re- 
verse, as previously explained. Upon reversal of 
If , it acts via 28a to reverse the sign test initiat- 
ing trigger 20, Fig. 71a. Assume the sign test 
finds a positive result in the accumulator, so that 
positive signal O.CK is produced. When half 
correction was suppressed, tube 7, Fig. Ilg, re- 
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maioed conditioned under control of re^ejrsejdj 
trigger i, Fig. 71a,, acting via i0„ Fig, fia\ The 
O..CJK signal was then effective to make T, Fte, 
Tiff* conduct as a result of which the, Proceed 
trigger tt and the read o*tt control trigger 2* 
were reversed. However, it: has now been as« 
sumed that half correction is not suppressed, SO 
that 5, Fig. ?Jop. is not turned and 7 is not con- 
ditioned. Accordingly, the? O.CK. signal will, not 
cause a Proceed signal to be produced and wlU 
not cause the result to be read oufe of the ac- 
cumulator. 

The O.CK signal, instead, initiates the half 
correction procedure.. The tube 24, Fig, Tie-, is 
being conditioned by the increased potential on 
line tJ8, so that the O.CK. signal renders this 
tube conductive to reverse stages 26 and 27 of a 
5S-AP pulse counter 2:6, it, 38 and Jt. The- first 
AP pulse following reversal of 26, restores itj, 
causing 36 to turn. The next AP pulse returns 
36j, vvhereupon 5( turns. The third Ap pulse re- 
turns 3t, which restores 27.. Thus, 2T is in re- 
versed state for three AP pulse cycles.. 

Upon reversal of 27, Pig. lie, it renders 32a 
oonductive, reducing the potential on line 2830 
so as to cut off the otherwise conductive tube 
38, Fig. Tiff. Upon 30 becoming non-conductive, 
it serves via 35 to produce the negative ACC-R.Q 
signal which is inverted by the related ampji- 
fier (Fig. 70) to the positive ACC-RQ signal on 
line 22 A— 22B. Consequently, the digits and 
sign in the RC orders 1 to 29 are applied as r*> 
duced potentials on the buses of the Internal 
Out bus columns 29 to 1, respectively. The am- 
plifier (Fig. 20) inverts these potentials to in- 
creased potentials on the corresponding buses of 
the Internal In bus columns. 

During the three AP pulse period of reversal 
of 27, Pig. 71e, it makes 23 conductive to produce 
a negative signal HCCS. This signal acts via 
25a and 25 in Fig. 71b to assure the setting of 
21, Fig. 71b, in true add condition, which is its 
cancelled condition. The signal HCCS also ini* 
tiates operation of the denominational shift un- 
it. Referring to Pig. 27b, signal HCCS cuts off 
tubes 17, 20, 24, 24a and 29 in the subsequencing 
means of the denominational shift unit, Tubes 
20, 24 and 24a are cut off to release triggers l|, 
23 and 27 for subsequent reversal. Tube (7 i* 
cut off to apply conditioning potential to the 
suppressor of 18, Fig. 27b. It may be noted 
from Fig. 74 that reversal of 27, Fig. 71e, and 
consequent occurrence of signal HCCS occurred 
at AP pulse time. The next effective BP pulse 
(see Fig. 19) cuts off 17a, Fig. 27b, which applies 
a positive pulse via a suitable coupling capacitor 
to 18, conditioned under control of signal HCCS, 
causing 18 to conduct and reverse 19. As 19 re- 
verses, it turns 23. Turned 23 makes 22 con- 
duct to cut off the otherwise conducting tube 2 1 . 
This tube then produces the positive cancel sig- 
nal SHCL. As described in Section 12, this sig- 
nal acts on the SHC cancel circuit (Fig. 27e) 
and the line of elements shown below this can- 
cel circuit to cause the triggers of the sub-se- 
quencing means of the denominational shift unit 
to be reset and to cause the signal ACL to be 
produced. The signal ACL resets triggers ASH 
in each shift column (see Figs. 24 and 25) . 

The next BP pulse acts via still-conditioned 
18, Pig. 27b, to restore 23, causing it to turn 27. 
Turned 27 makes 26 conduct to cause P26 to 
produce the positive SHRI signal. This signal 
renders the conditioned tubes IT, in each shift 
column (see Fig. 24), conductive to reverse the 
related triggers ASH. The tubes IT are now se- 
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lectively conditioned according to the digits of 
the accumulated result applied to the internal In 
bus-set, as previously described. Accordingly, 
the digits read out of accumulator orders 1 to 28 
are entered, upon application of the SHRI sig- 
nal to tubes IT, into shift columns 1 to 28, re- 
spectively. 

The next BP pulse, acting through the still- 
conditioned tube 18, Fig. 27b, resets 27. As 21 is 
reset, it turns 30. Turned 30 applies condition- 
ing potential to 29 and 38 but these tubes do not 
conduct at this time as their control grids are 
still biased to cut-off. 

The 3-AP pulse counter 26, 27, 30 and 31 in 
Fig. 71e completes its cycle and 27 returns at 
the next AP pulse time following the turning of 
30, Fig 27b. Accordingly, the negative signal 
HCCS terminates and the control grid of 29, Fig. 
27b, rises above cut-off potential. Also, tubes 
17, 20, 24 and 24a in Fig. 27b become conductive. 
Tube 20 restores 19 while 24 and 24a block re- 
versal of 23 and 27. Tube 17 deconditions 18 
to prevent repeat operation of 1 9. Since 30, 
Fig. 27b, is now in reversed state, conditioning 
tube 29, the tube becomes conductive at the ter- 
mination of the negative signal HCCS and pro- 
duces a negative signal SHSA. This signal is 
applied to tube 5, Fig. 27c, and serves, in the 
same way as the start signal SHS from the main 
commutator, to initiate steps of column shift. 
The column shift steps are performed in the 
manner already described in Section 12. 

Upon restoration of 27, Fig. 71e, the tube 23 
produces a positive HCCS signal which is inverted 
by 33a, Fig. 71a, to a negative pulse, causing re- 
versal of 29, Fig. 71o, for one AP pulse cycle. 
When 29 is reversed, it cuts off 33, causing it to 
apply a positive pulse via line 3322 to 22a, Fig. 
71/. The latter thereupon produces a negative 
RCC signal which causes the RC cancel circuit 
and the KC cancel circuit (Fig. 71a) to function 
for resetting registers RC and carry triggers K 
of the accumulator. 

The positive pulse produced by 23, Fig. 71e, 
upon return of 27 also is inverted by 16 to a 
negative pulse which turns 19. The negative 
pulse also is applied via line 1612 to trigger J 2, 
Fig. 71/, reversing it. The trigger 19, Fig. 71e, 
is restored by the next AP pulse, but the trigger 
12, Fig. 71/, stays reversed until a complete sig- 
nal CYCT is produced in an ensuing accumulator 
cycle. 

The reversal of J 9, Fig. 71e, renders 20a con- 
ductive to produce an ECC cancel signal which 
causes the EC cancel circuit (Fig. 71a) to func- 
tion for resetting entry registers EC. 

Upon return of 19, Fig. 71e, it reserves 15 for 
one AP pulse cycle. During the reversed time of 
1 5, it causes 1 1 to conduct and cut off tubes 4 
and 7 to apply increased potential to terminals 
2A and 3A (see Figs. 69a and 70). Accordingly, 
tubes 1 1 and 1 2 in Fig. 69a become conductive 
and force stages 4 and I of the 1st order EC reg- 
ister to reverse. In this manner, an instantane- 
ous half correction entry of 5 is made into the 
1st order EC, one AP pulse cycle following the 
resetting of EC and RC and carry triggers K of 
the accumulator. 

The next step is to transfer the 5 from the 1st 
order EC to the 1st order RC. The trigger 29, 
Fig. 7 lo, which was turned to cause an RC cancel 
to take place, as described above, is returned by 
the next AP pulse. Upon its return, it renders 
33 conductive, causing it to reverse 25, Fig. 7 Iff. 
The following AP pulse returns 25, causing it 
to reverse 2 1 for one AP pulse cycle. Upon, re- 
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versal of 21, it renders 13a conductive to cause 
2 to produce the positive CC-ST start pulse. It 
may be noted that this signal is produced under 
control of 16, Fig. 71/, and 13, Fig. 71ff, when a 
complement conversion cycle is called for (see 
Fig. 73). The signal CC-ST acts through 19, 
Fig. 71c, to turn the start trigger 15, as a result 
of which an accumulator cycle takes place. Since 
the trigger 21, Fig. 71b, has been set in true add 
status, as previously explained, a true transfer of 5 
from the 1st order EC to the 1st order RC takes 
place during the accumulator cycle. It should be 
noted that the start pulse CC-ST was produced 
one AP pulse cycle after the entry of 5 into EC. At 
completion of the accumulator cycle, the signal 
CYCT turns 8, Fig. 71/, for one AP pulse cycle. 
Upon its return, 8 turns the "complete signal" trig - 
ger 7 for an AP pulse cycle. Upon reversal of 7, it 
cuts off 5a to produce the positive signal CPT which 
goes to tube 15, Fig. llg, but since trigger 31, 
Fig. 7iff, is still in turned state, it functions via 
28a to maintain 15 at cut-off, whereby a complete 
signal CYCPT to main sequence is blocked. Upon 
restoration of 7, Fig. 71/, it returns (2, Fig. 71/. 
As 12 returns, it restores 20. Restored 20 acts 
via line 2017 to cut off 17, Fig. 71a. This re- 
leases 17a for subsequent operation, under con- 
trol of the next complete signal CYCT, to cause 
a Proceed signal and a result readout signal to 
be produced. 

Meanwhile, the denominational shift unit has 
been column-shifting the accumulated result pre- 
viously directed into the shift columns (Fig. 25) . 
For each column shift step, the descending 
counter (Fig. 27a) is stepped to diminish the 
column shift number by 1 (see Fig. 26) . When 
all but the last step of the column shift steps 
called for by main sequence have been performed, 
the descending counter stands at 1, i. e., only 
stage Tl is in reversed state. Under this condi- 
tion, the tubes 8, 12, 20, 24, 32 and 36 are all cut 
off. The trigger 30, Fig. 27b, was turned after 
the accumulated result was entered into the shift 
columns, as previously brought out. Trigger 30, 
Fig. 27b, remains in turned state until reset under 
control of the next cancel signal SHCL from the 
main commutator. With 30 turned, it is effec- 
tive via line G to cut off 37, Fig. 27a. It is seen 
that when half correction for an accumulated 
result is taking place that the common anode line 
E of tubes 8, 12, 20, 24, 32, 36 and 37 will rise in 
potential as soon as the descending counter stands 
at 1. The increased potential on line E makes 8, 
Fig. 27c, conductive to reset trigger I I-SHC3. It 
is to be noted that except in the half correction 
procedure for an accumulated result, the trigger 
1 1 is restored when the descending counter goes 
to 0 as explained in Section 12. Restoration of 
II is followed by restoration of 15 and then by 
18 in Fig. 27c. When 18 is restored, it cuts off 
14 to cause a positive going pulse to be applied 
via wire I4u> to tubes 4, 38 and 39 in Fig. 27b. 
In the normal column shift procedure, this pulse 
makes 39 conductive to reverse 40 with the ef- 
fect of sending the shift complete signal SHCP 
to the main commutator. When column shift 
under control of the accumulator unit is taking 
place, 30, Fig. 27b, is in reversed state and de- 
conditioning 39. Accordingly, the positive pulse 
on wire ttw is not effective to make 39 conduc- 
tive and the complete signal SHCP is blocked. 
Instead, a complete signal SHCA is sent to the 
internal commutator of the accumulator, to di- 
rect it to continue the half correction procedure, 
and at the same time, the sub-shifted result is' 
read out to the Internal buses. To provide these 
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effects, turned 3*, F£g> 276, conditions 38 which 
becomes conductive upon receiving the positive 
pulse, via a capacitor, f rorn wire f 4te, 

When 39 becomes conductive. It reverses 31. 
Reversed IT serves Tift 33 to produce the nega- r» 
tive, complete signal SHCA. Reversed II also 
acts »ia 34a and P35 to produce the positive sig- 
nal SHKO which causes the number in the shift 
columns to be applied to the Internal Out buses 
and thence via the amplifier (Fig. 20> to ate in- is* 
teraal In buses. 

If the number of column shift steps called for 
Uy main sequence said entered in the descend- 
ing counter is simply one step, then the signals 
SHCA and SHRO are produced as soon as 30, 
Fig. 27b, is turned. At that point, tube 31 in Fig. 
21a will be cut off and line E will rise in poten- 
tial The tube 8 r Fig. 27c, will become conduc- 
tive and block 1 1 from reversal by the trigger 6 
«hen the latter turns under control of the shift 20 
start pulse SHS. Failure of II to reverse pre- 
vents; initiation of column shift steps, and trigger 
18 remains normal. Hence, tube 14 is effective 
via line I4w to maintain tube 4, Fig. 27b, condi- 
tioned. Accordingly, upon the rise in potential 05 
of line- E, 4, Fig. 27b, becomes conductive and ap- 
plies a turning pulse by way of the anode re- 
sistor of 38 to trigger 31. Hence, the signals 
SHRO and SHCA are produced. 

The negative complete signal SHCA goes to the 
grid of 36a, Fig. 71/, and cuts off this tube. The 
next AP pulse cuts off 36, and 36 — 36a thereupon 
make 32 conductive, so as to turn 35, Fig. 71/. It 
has been explained that 20, Fig. 71/, is turned off 
when the accumulator cycle for entry of 5 in the 3; ; 
1st order RC has been completed. Trigger 35, 
Fig. 71/,; may be reversed by the signal SHCA 
either before or after 20 is returned, depending 
oil the number of column shift steps which pre- 
cede the production of signal SHCA. Only when , 0 
20 has been returned and 35 also been reversed, 
is the half correction procedure continued by the 
internal commutator of the accumulator unit. 
Returned 20 is effective via 2T to cut off 27a, and 
reversed 35 cuts off 31 . The common anode line 
of, 11a and 31 thereupon rises in potential and io 
renders fl conductive, turning 13 for one AP 
pulse cycle. Attention is directed to the fact 
that this same trigger (3 also is turned, but under 
control of 9. and 4, during the complement con- 
version sequence (see Fig. 73) . Just as in the 50 
latter sequence, the triggers 14 and 18 in Fig. 71/ 
are turned when t3 is restored; 14 is returned by 
the next AP pulse and turns f5 which, upon its 
return by a following AP pulse, resets 18. Just 
as in the complement conversion sequence, 14 and 55 
re; while In reversed state, respectively cause the 
signals ECC and ACC-RI to be produced. Signal 
ECC cancels the registers EC and signal ACC-RI 
causes the number on the Internal In buses to be 
entered in registers EC. In the half correction 60 
sequence, the 5 standing in the 1st order EC Is 
canceled and the sub-shifted accumulated result 
issued from the shift columns is entered in the 
registers EC. 

Upon, the return of 18, it turns 19, as In the 65 
complement conversion procedure. In the com- 
plement conversion procedure, the reversed trig- 
ger 19 was effective to cause 21 to conduct and 
produce the negative going RC cancel signal RCC. 
In the half correction procedure, it is not desired 70 
to cancel registers RC, but, instead, to retain the 
half correction 5 in the 1st order RC. As previ- 
ously explained, the common anode line of 21a 
and 31 is now at Increased potential owing to 
29 being reset and 35 being turned. The In- 75- 



creased potential on the anode line of 37* and ft 
maintains 17 conductive, whereby the suppressor 
of 2 1 is held to cut-off. AccordingJy, when trig- 
ger 19 is turned, it does not make 21 conduct to 
produce the RCC cancel signal. 

Trigger 19 is reset by the next AP pulse after 
its reversal. Upon return of 1 9, it turns 24. in 
the complement conversion sequence, turned H 
was effective to make conditioned i, Fig, 71/, con- 
ductive, as a result of which trigger 21, Fig. 71b, 
was set in complement entry control position, to 
the half carry procedure, the suppressor of I, Fig* 
71/, is held to cut-off by turned 35,, Fig. 71/, and, 
therefore, the complement conditioning of trig- 
ger 21, Fig. 71b, does not occur, instead, a tubs 

23, Fig. 71/, is made conductive by the turning of 

24, the tube 26 being conditioned by the increased 
potential existing now on the common output Of 
27 and 3 1. When 26 becomes conductive. It acts 
via 3 1 a and 30 to produce the negative going sig- 
nal ACSB. This is a back signal to the internal 
commutator of the denominational shift unit and 
also serves via 26a,. Fig. 71b, and 1 8a to Insure the 
setting of 21, Fig. Tib, in true add status. Re^ 
ferring to Fig. 27b, signal ACSB acts via 32a to 
make 34 conductive, forcing trigger 31 to return. 
This terminates the complete signal SHCA sent 
by 33 to 36a. Fig. 71/, of the internal conanutator 
of the accumulator unit. 

Restoration of 24, Fig. 71/ by the next AP poise- 
results in the- reversal of 16. Just as in the com- 
plement conversion procedure, reversed 16 acts 
via 13, Fig.. 71a, and 2 to produce the positive sig- 
nal CC-ST which causes an accumulator cycle to 
take place. During this cycle, the sub^shifted 
accumulated result in EC is transferred to RC; 
being added therein to the half correction 5 in 
the 1st order RC. This means that the registers 
RC now contain the rounded off result in orders 

2 to 29. 

As now understood, 8, Fig. 71/, is turned at 
completion of the accumulator cycle and returned 
by the next AP pulse, causing 7 to turn,, for one 
AP pulse cycle. When turned, 7 is still ineffec- 
tive to produce the complete signal CYCPT be- 
cause 3 1 , Fig. 71sr, is still, in turned status. How** 
ever, just as in the complement conversion pro- 
cedure, turned 7, Fig. 71/, along with turned (6 Is 
effective to make 3, Fig. 71/, conductive. When 

3 becomes conductive, it acts- via wire 317 to cut 
off f7o, Fig. 7 lg. This results; in the turning of 
Proceed trigger 1 9 and readout control trigger 23 

When 7, Fig. 71/, is returned by the AP pulse 
following its. turning, it restores 1 6. 

As already explained, the reversal of 23-, Fig. 
7l£r f causes tube 27, still conditioned under con- 
trol of the R.ROC signal, to become; conductive, 
cutting off 30. This acts via 35 to produce the 
ACC-RO signal. The signal ACC-RO causes the 
rounded off result along with the sub-units order 
digit to be read out of the accumulator and onto 
the Internal buses. The Proceed signal, in 
ner explained in Section 17, Item 20, causes main 
sequence to' complete the half correction proce- 
dure., This involves, the entry of the result, read 
out of the accumulator,, into the' shift columns 
(Fig. 25) and the initiation of column shifting 
according to- the procedure outlined In Section 
12. A new column shift number is not entered 
in the descending counter CFfg. 27a) which re- 
mains set at 1 to which it was brought by the 
half correction procedure. Accordingly, the de- 
nominational, shift unit, will effect the final addi- 
tional column shift step, .discarding the sub-units; 
order digit of the result arid bringing the rounded 
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off result read out of orders 2 to 28 of the accu- 
mulator, into shift orders 1 to 27. The trigger 35, 
Pig. 71/, is restored under control of the posi- 
tive signal CTLR from the main commutator. 
This signal is produced at the time the accumu- 
lated rounded off result is entered into the de- 
nominational shift unit (see Section 17, Item 19). 
Signal CTLB is inverted by 3, Fig. 7 Iff, to a nega- 
tive reset signal for 1 1 and 35 in Pig. 71/. 



multiplicand factors. The register PQ serves dur- 
ing a dividing computation to receive a dividend 
factor in orders 5 to 18 and thereafter serves to 
compare the divisor with the original dividend 
and successive dividend remainders so as to form 
the quotient. The multiplier register MP, the 
register MC-DR and the dividend receiving or- 
ders 5 to 18 of PQ all have their entry means 
associated with the buses in Internal In bus 



The above description of the half correction io columns 16 to 29. 



sequence has considered the accumulated result 
as positive. If the accumulated result is nega- 
tive, the O.CK signal is not produced when the 
sign test is made, so that 26, Fig. 71e, is not 
turned and the half correction sequence is de^ 
layed. The negative sign of the result is stored 
by triggers 20 and 23 in Fig. 71b, and a com- 
plement conversion sequence (see Fig. 73) is 
effected in the manner previously described. 
When the conversion cycle is completed, 8, Fig. 
71/, turns and restores 6 which causes 1 1 to turn, 
all as described before. When 1 1 turns, it cuts 
off 23a, causing a positive pulse to be transmit- 
ted via line 2328 to the control grid of 28, Fig. 
Tie. Since the half carry suppression trigger 
5, Fig. 7 Iff, has not been reversed, the line 928 
is at high potential and conditioning 28, so that 
upon the turning of II, Fig. 71/, 28, Fig. 71e, 
becomes conductive and reverses 26 and 27. This 
starts the half correction sequence which is 
effected in the manner already described. 

To complete the description of the accumulator 
unit, attention is directed to the fact that if the 
sign test at the completion of the accumulation 
of a plurality of numbers finds neither 0 nor 9 
in the 29th accumulator order, neither the O.CK 
nor 9CK signal is produced and the Proceed sig- 
nal is not sent to main sequence, nor is the re- 
sult read out. The failure to sense either 0 or 9 
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Entries of the numbers on these buses will be 
selectively made into the different registers and 
register orders according to whether multiplying 
or dividing computation is called for. The MD 
unit also has a sign mixing circuit (Fig. 65j") 
which mixes the operational signs with the factor 
signs and produces a result sign through the cir- 
cuit shown in Fig. 65fc. The result sign will 
be applied to Internal Out bus column 1. The 
result number, quotient or product, will be read 
out to 28 places from orders 33 to 6 of PQ and 
applied to columns 2 to 29, respectively, of the 
Internal Out bus-set, as indicated in Fig. 20. 

Multiplication will be effected during a run 
of sequence for multiplication (see Section 18), 
while division will be effected during a run of 
dividing sequence (see Section 19). During the 
multiplying sequence, the multiplying computa- 
tion control commutator MYC (Fig. 78M) is con- 
ditioned for operation to apply signals to the 
MD unit. During the dividing run, the dividing 
computation control commutator DVC (Fig. 78D) 
is conditioned for operation and applies control 
signals to the MD unit. The MD unit includes 
its own subsequencing means which may be 
called the internal commutator of this unit and 
is illustrated in Figs. 65a to i. The internal com- 
mutator includes its own source (see Fig. 65i) of 
50 kc. A and B pulses for controlling operations 



in the 29th accumulator order is an indication of AO 0 f the multiplying and dividing means. Only 



misoperation in which is included the possibility, 
remote as it may be, that the sum of the num- 
bers entered in the accumulator exceeds its capac- 
ity. It is to be noted, also, that even though 
the RC registers are cancelled under control 
of the internal commutator of the accumulator 
during the complement conversion and half cor- 
rection procedures, the sign of the result is not 
cancelled because it is stored by the trigger 20, 



the positive A and B pulses are effective pulses 
as used herein and it is to be understood that 
reference to these pulses is to the positive pulses. 
The MD unit includes, in its internal commuta- 
tor, three electronic commutators or timers, 
called the primary, secondary and tertiary tim- 
ers. The primary timer (Fig. 65/i) is used in 
multiplication or in division to define what may 
be called the primary cycle (see Fig. 66)- During 



Fig. 71«, which is reset under control of signal 50 this cycle a number in the register. MC-DR may 



CTLR, as previously described. 

14. The multiplying and dividing unit 

This is a unit of the electronic computing sec- 
tion dlagrammatically shown in Fig. 20. The 
multiplying and dividing means per se of this 
unit are of the same general type as the multi- 
plying and dividing means disclosed in appli- 
cation Serial No. 704,914, of Dickinson et al., 



be transferred to the result register PQ. This 
transferred number is a multiplicand number if 
multiplication is being performed and is a divisor 
number, if division is being performed. The sec- 
55 ondary timer (Fig. 65ff) is used only in a multi- 
plying calculation and controls stepping of or- 
ders of the register MP for the initiation of pri- 
mary cycles. The tertiary timer (Figs. 65c and 
d) is used both in division and in multiplication 



filed October 22, 1946, with certain novel changes qq to determine the column shift positions. The 

and additions which will be described herein- tertiary timer has thirty positions. During mul- 

after. tiplication only the first fourteen positions are 

The multiplying and dividing unit includes a used and multiplication is terminated upon the 

14-order register MP (note Fig. 64b) for receiving end of the 14th column shift step of multipli- 

a multiplier factor when multiplication is called 65 cation. In division, the first column shift posi- 

for. The multiplying and dividing unit, here- tion which is used is position 2 and the last 

inaf ter abbreviated as the MD unit, also in- which may be used is position 30. Half correc- 

cludes a 14-order register MC-DR (note Fig. 64b) tion or rounding off may be effected in an order 

for receiving a multiplicand factor when multi- of PQ selected by the denominational shift num- 

plicatlon is called for and for receiving a divisor 70 ber in the program means. 

factor when division is called for. The MD unit The multiplying means will now be described: 
further includes a register PQ having 33 orders Th& multiplyi means 
a few of which are shown in Fig. 647i. The reg- " 
ister PQ functions during a multiplying compu- Multiplication is effected here by repeat adap- 
tation to form the product of the multiplier and 76 Won of the multiplicand. The multiplicand dur- 
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XXtg & series of mytyiglieaJtipn gt<eps js routed frpjn 
MO-DR jtnto orders gf DDttBQ selected by cpiunvn 
shift means which has s,u4acessiy,e positions dur- 
ing the successive mfiitjLf^ication steps. The 
number of times the multiplicand is entered into 
the selected orders of in esch $olumn shift 
position .is .determined by jthe ,4igit '.st^ding .to 
the multiplier order which is brought into con.- 
trol in the particular cplujW (SW|t position. 
When the .multiplicand has bejen .entered in the 
selected orders of PQ * •num.tier of £i^s eg.uai 'to 
the value of the decimaj jactation c^git stand- 
ing in the controlling ojrder of MP, $ iftu,l|tipjicar 
tion step is oy t e.r a#d -fjkjp column -shift nieajas is 
stepped to its next position. : jn -this n*-xt posi- 
tion, the next lower .order ojf ^register $sjp wjlj $p 
the controlling order : etnd :tbe j^ultipiic,and -wjifl 
be directed f rom register injo orders qf 

PQ which are, each fto the right of : fcb.e ..or^eis 
Deceiving the multiplicand in Jhe pceyious .col- 
umn shift position. 

As typical, the jstt and 34th orders of MP and 
the 1st, 2nd, and 24th orders ,qf MC-DR .are 
shown in Fig. 64b, and the 1st, jjjjjh, 3>&th> 19th, 
31st and 33rd orders, of P$J areahown in pig. ,64ft. 
It is understood that ,eaQh register order is L o£ 
the type :discussecl in:SectKm;5 and shown jn Pigs. 
15 and 15a. 

The .multiplicand and multiplier factors are 
applied one at a time :to the Internal In.busTCpi- 
umns 16 to '29, being represented in binary deci- 
mal form, .as now understood, by selective high 
and low potentials ,o,n ;the buses i, 2,A. and :S Qf 
each of columns 16 to .29 of the Internal Jn\bus- 
set. The buses .ctf columns 16 to 29 : of the Inter- 
nal In bus^set - are .-connected to corresponding 
orders 14 to 1 .of respective multiplicand and 
multiplier entry means, as indicated in ;Fjg..fi4a 
(also see Jig. ?20.) . The entry , means for .each 
order of MC-DR includes , four gate tubes -1(10.18, 
4, 2 and ;l and ;four associated entry .effecting 
tubes MCE8, 4, 2 .and ,1 . The .entry means tfor 
each order of MP similarly includes four gate 
tubes MPI8, 4, 2 and ;l and lour associated tubes 
MPE8..4, 2 -and I. Increased potential on. an In- 
ternal In bus of one of columns . 16 * to .29. is. applied 
to the suppressors of 'the corresponding -gate 
tubes MCI and -MPI, conditioning iboth -tubes. 
However, only one set. of .gate tubes ..will.be ren- 
dered effective to pass through .the digit repre- 
senting potentials, -depending on whether an.en- 
try signal MC-RI or MP-iRI is applied. The.sig- 
nal MC-RI is the multiplicand entry signal and 
acts only upon- the control grids of. the <set; of gate 
tubes MCI. The signal MP*RI is the. multiplier 
entry signal and is applied only to the control 
grids of the set of gate • tubes ;MPI. iHence, only 
the conditioned tubes of ione.set ofugaletubss-iwill 
be rendered • effective, according to . whioh.. entry 
signal is being applied. 

A gate tube MCI .when rendered .conductive, 
applies a negative pulse, by way of a suitable 
coupling capacitor to the iassaeiatedjtiatoe :MCE, 
cutting off- this. tube. The outputs ;,MCEP. of. the 
tubes MCE are. connected , to .the terminals sr. of 
the corresponding orders pf : |riggess:inthe regis- 
ter MC-DR (see ; Figg. 64.a.and.;i>) . LjJf awise,' t^je 
tubes MPE are connected, by- their, outputs MPEP 
to the terminals gr of the rented triggers in the 
register .MP. JFhe ; -tuhes . $£PE .and .MCE' ^func- 
tion, in the ; manner -e-jip^ained for the :tube E 
in.Fig. ,10 Csee -Sec^onjis) , to. reverse the vteiajied 
triggers when ,;the . tubqs are cut off. it , isjel^r 
now-that; for maja^, tha>entry .of. -a wultiphcaftd 
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will be applied to the buses of Internal In bus 
columns 16 to 29, selectively conditioning the 
tubes MCI and MPI of orders 14 to 1, respec- 
tively. The multiplicand entry signal MC-RI 
will then be applied causing the conditioned tubes 
MCI to become conductive and cut off the corre- 
sponding tubes MCE. Thereupon, the tubes MCE 
cause the related triggers of register MC-DR to 
be reversed, so as to represent or register the 
multiplicand factor. Similarly, for making the 
entry of the multiplier factor, the multiplier fac- 
tor will be applied to the Internal In bus-columns 
16 to 29 after which the entry signal MP-RI will 
be applied to tubes MPI causing the conditioned 
ones of .these tubes to become conductive. As a 
result, the related tubes MPE will be cut off to 
reverse the corresponding triggers of register 
•MPE which thereupon will store the multiplier 
factor. As a specific example, assume that the 
MC factor includes the digit 6 in the 1st place. 
This digit is reiJresented by increased potentials 
on the buses 4 and 2 of column 29 of the Inter- 
nal In buses. Accordingly, the tubes MCI2 and 
4 of order 1 and the tubes MPI2 and 4 of order 1 
are conditioned. The MC-RI signal will then 
render the tubes MCI2 and 4 in order 1 conduc- 
tive, so as to cut off the tubes MCE2 and 4 of 
this order. As a result, the triggers 2 and 4 of 
the first order of register MC-DR are reversed. 
The first order of this register is then storing 
the digit, 6. 

When multiplication is called for by the pro- 
gram, a multiplication calculation control com- 
mutator MYC (Fig. 78M) is conditioned for op- 
eration, in the manner later described in Section 
18. This commutator produces signals for con- 
trolling the multiplying procedure. The first 
signal produced by the commutator is the nega- 
tive signal M-Presense. This signal cuts off the 
normally conductive tubes H28 and H27 (Fig. 
65e). The tube H2fi,a is at cut-off unless a pre- 
vious multiplying or dividing calculation is still 
in process. It may be assumed that this is not 
the case at present and that. tube H26a is at cut- 
off at the time that the tube H27 is cut off. When 
both tubes H27 and H26a are at cut-off, they 
render the tube H2 9 conductive, so that trigger 
H29T remains cancelled, maintaining tube H3I 
effective to apply increased potential to the line 
my which is called the "up multiply" bus of the 
internal commutator of the multiplying-dividing 
section. 

The M-PRE negative signal also is effective 
to render the normally conductive tube H28 non- 
conductive. The tube thereupon applies high 
potential to HI.9 which becomes conductive and 
forces HI 5 to reverse. It may. be noted that HIS 
is normally .blocked against reversal, by H5 but 
when HZ8 becomes non-conductive it acts 
through H20 to cut off H5, releasing HI 5 for 
reversal by HI9. With . H M> reversed, it cuts off 
the blocking triodes H6, H7, and H8, releasing 
the. triggers .HI.O, HI I, .and H 1,2, respectively, for 
reversals. These triggers are elements of a can- 
cel timing counter. Also, HI 5. uponreversal ren- 
ders H20a conductive to apply . a . turning pulse 
to cancel trigger : HI 6. with HI.6 reversed it 
acts through .H18 .and H24 to apply a positive 
pulse to the input of the cancel circuit MDC. 
This cancel circuit, is a basic, cancel circuit such 
as explained in Section .36 T and .serves to.reset the 
control triggers of the MD internal ..commuta- 
tor, except for those in Figs', ,65a. apd o. The 
duration of the cancer signal, is limited to four 
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which comprises triggers HI 0, HI I, and HI 2 
(Fig. 65e) . When HI 5 was turned to release the 
cancel timing counter for operation, it also 
brought the cancel control trigger H I 6 into oper- 
ation. HI 5 also cut off Hi 3. HI 3a is already 5 
cut. off under control of H 14. With both H 1 3 and 
HI 3a cut off, H9 is conditioned to respond to A 
pulses and produces negative, A-phase pulses 
Which are applied to the cancel timing counter. 
The first pulse reverses HIO. The second pulse 10 
returns HIO and HIO thereupon reverses HI I. 
The third and fourth pulses effect a second cycle 
of HIO to return HI I. Hi I upon returning, re- 
verses HI 2. HI 2, when it turns, restores the 
cancel control trigger HI 6, thus terminating the IS 
cancel signal. The next four pulses applied to 
the cancel timing counter result in H 1 2 being re- 
stored. As HI2 restores, it turns HI 9. HI4 
thereupon makes HI 3a conduct, thus decondi- 
tioning H9 to render it unresponsive to the A 20 
pulses so that the operation of the cancel timing 
counter ceases. 

When HI4 is turned, it acts via connection 
1 43 1 to cut off D3 1 which is the cancel interlock 
tube. With this tube cut off, it does not prevent 25 
the multiply start signal which is subsequently 
applied, from functioning effectively. 

The next signals produced by the MYC com- 
mutator (Pig. 78M) are the negative cancel con- 
trol signal MCC and a concurrent negative can- 30 
eel control signal PQC. Signal MCC cuts off 22, 
Fig. 64a. It may be assumed that interlock tube 
23 is also cut off. Hence, couple 22 — 23 now ap- 
plies a positive pulse to the input of the MC-DR 
cancel circuit. Register MC-DR (Fig. 64b) is 35 
thereby reset to zero status. The PQC signal is 
effective to cut off 3, Fig. 65k. Interlock tube 
3a, Pig. 65ft, may be assumed to be off, so the 
couple 3 — 3a now applies a positive pulse to the 
input of the PQ cancel circuit which operates 40 
to reset all the orders of PQ (Pig. 647i) . 

Just prior to cancellation of the registers 
MC-DR and PQ, the multiplicand factor is ap- 
plied to Internal In bus columns 16 to 29. After 
the MCC and PQC cancel signals have been pro- 45 
duced, commutator MYC produces a negative 
signal MC-RI which cuts off 1 9 (Fig. 64a) . The 
interlock tube 20 is also at cut-off. Accordingly, 
the couple l9-»-20 becomes effective upon the re- 
ceipt of the negative signal MC-RI to produce 50 
the positive signal MC-RI which is applied to 
the control grids of all the tubes MCI, causing 
the multiplicand factor to enter the register 
MC-DR, in a manner explained before. Fol- 
lowing this, the commutator MYC produces the 55 
multiplier cancel signal MPC which is effective 
to cut off 15, Fig. 64a. The interlock tube 16, 
Fig. 64a, is off at this time, so the couple 15 — 16 
is now effective to apply a positive cancel con- 
trol signal to the input of the MP cancel circuit, qq 
As a result, the register MP is reset. Prior to 
the resetting of MP and after entry of the multi- 
plicand into MC-DR, the multiplicand is re- 
moved by operation of the main sequence means 
from the Internal In bus-set, after which the 05 
multiplier factor is applied to columns 16 to 29 
of this bus-set. Following this, the register MP 
is reset, after which the commutator MYC pro- 
duces a negative signal MP-RI which cuts off 1 2 
(Fig. 64a). The interlock tube 13 is also at cut- 70 
off at this time and hence the couple 12 — 13 pro- 
duces the positive signal MP-RI which causes 
the multiplier factor to enter register MP, in the 
manner already explained. 
The primary timer (Fig. 65ft) has fourteen 75 
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stages PRO to PR 1 3 and is driven by negative 
A phase pulses on the input PRI. Each series 
of 14 such pulses produces a cycle of the primary 
timer. The first pulse reverses PR 1 3 to cause 
reversal of PRO. Upon reversal of PRO it ap- 
plies a positive pulse to Alfl (Fig. 65ft), initially 
conditioned by A 1 1, causing AI8 to become con- 
ductive and turn A5. A5, now turned, condi- 
tions A3 to respond to B+ pulses. A3 acts 
through A I to produce positive MC-RB pulses 
in phase with the B+ pulses. The first of these 
pulses MC-RB is produced at 0.5 of a primary 
cycle (see Pig. 66). At the "9" point of the 
cycle, stage PR9 of the primary timer is reversed, 
thereupon conditioning A23 to respond to the 
next B pulse at "9.5" of the cycle. A23 there- 
upon becomes conductive and reverses A22. With 
A22 reversed, it conditions AI5 to respond to the 
next A pulse at "10" of the cycle. A' 5 there- 
upon restores A5. It is clear that A5 is in re- 
versed status from the "0" to the "10" time of 
the multiplying cycle and in this interval ten 
B-phase MC-RB pulses are produced (see Fig. 
66). These MC-RB pulses are applied common- 
ly to all the tubes 208 (see Fig. 64c) of which 
there is one for each order of register MC-DR. 

When PRO was reversed at the "0" time of the 
cycle, it conditioned AI9 (Fig. 65ft) to become 
conductive in response to the next B pulse at the 
"0.5" time and thereupon to reverse A 1 1 and 
A 1 2. With AI2 reversed, it conditions AI3 to 
respond to A pulses. AI3 is capacitatively 
coupled to AI4 and the output of AI3 is inverted 
by AI4 to positive A-phase pulses MC-RA. At 
the "10" point of the cycle primary timer stage 
PR 1 0 is reversed and conditions A2 1 to respond 
to the next B pulse at 10.5 of the cycle. A2I 
thereupon restores AI2 and A22. The restoration 
of AI2 terminates the production of the MC-RA 
pulses. In the interval from "0.5" to "10.5" of 
the cycle, 10 positive A phase pulses MC-RA are 
produced (see Fig. 66), starting with the "1" 
point of the cycle. The MC-RA pulses are ap- 
plied to the tubes 209 (Fig. 646), of which there 
is one for each order of the MC-DR register. 
These tubes are normally conditioned and in re- 
sponse to the applied pulses produce negative A 
phase entry pulses to the orders of MC-DR and 
effect value cycles thereof such as explained in 
Section 5. A number of these pulses equal to the 
complement of the starting digit will cause stage 
8 of a register order to produce a positive carry 
out pulse. This carry out pulse is applied 
through a line 210 (also see Fig. 64c) and a suit- 
able coupling capacitor to the control grids of 
tubes 2 1 1 and tubes 2 1 2 associated with the 
same MC-DR register order. During multipli- 
cation, only the tubes 2 1 1 are conditioned. The 
conditioning potential is applied by a line TR 
which connects to the output of a tube J4 (Fig. 
65i). Since line my is at increased potential 
during multiplication, as previously described, it 
makes J8 conduct, causing J4 to be non-conduc- 
tive, so that line TR is at increased potential. 
Hence, a tube 2 1 1 (Fig. 64c) upon receiving a 
carry out pulse becomes conductive and turns 
the related trigger TC. As soon as the trigger 
turns, it conditions the connected tube 208, to 
which the B-phase MC-RB pulses (also see Fig. 
66) are being applied, as previously explained. 

It is clear that each tube 208 is conditioned by 
the related MC-DR register order at a cycle point 
which is the tens complement of the multiplicand 
digit in the order. For instance, if the multi- 
plicand digit is 6; in the 14th order of MC, then 
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4 pulses MC-RA will cause the related trigger 
TC to be reversed and thereupon to condition 
the associated tube 208 at the "A" point (Pig. 
•66) to respond to the six pulses MC-RB at "4.5," 
"5.5," "6,5," "7.5," "8.5," and "9.5." The tube 
208 is capacitatively coupled to a tube 213. Ac- 
cordingly, tube 213 (14th order) , in the example, 
•will produce six positive B phase pulses R-B 
upon the wire C2 (also see Pig. 64d). These 
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pausing the latter to produce a positive "lOS" 
pulse. This pulse is applied to the control grids 
of the tubes 220 (Pig. 64c) Which are being condi- 
tioned by the increased potential present on the 
line TR during the "multiplying calculation, as 
previously explained. Accordingly, the "10:5" 
positive pulse applied to the tubes "220 renders 
them conductive to return the triggers TC. 
As described above, pulses MC-RA will be ap- 



pulses are applied through a coupling Capacitor io plied in each primary cycle (Pig. 66) to the inputs 



to the control grids of a set of tubes C2T, which 
are further controlled by the column shift means 
so as to be successively conditioned in the se- 
quential column shift positions. Similar means 
-associated with the 13th order of MC-DR pro- js 
-duces pulses R-B representing the multiplicand 
digit in this order. These pulses are applied to 
the control grids of a set of tubes C3T. Similar- 
ly, the control grids of tubes C4T, C5T . . . CI5T 
receive the R-B pulses from the 12th, 11th . . . 
1st orders of MC-DR. The tubes C2T to CI5T 
■are conditioned selectively according to column 
shift positions to respond to the pulses R-B and 
produce negative B-phase entry pulses for orders 
of PQ. Pig. 66A is a chart giving the columnar 
relation of the Internal In bus-sets to the MC-DR 
and PQ orders and also indicating the relation 
between the orders of MC-DR and PQ in the se- 
quential column shift positions. In effect, the 
tubes C2T to CI5T are the interrelating means 
between the MC-DR and the PQ orders in the 
different column shift positions, and these tubes 
are presented by small circles in Pig. 66A. The 
dotted lines indicate which of these tubes is 
conditioned in each column shift position. The 
full, light lines indicate the tubes receiving pulses 
R-B from the different orders of MC-DR, and 
the full heavy lines indicate the output connec- 
tions of these tubes to the PG orders. It can tie 
seen from Pig. 66A that there are thirty tubes 
C2TI to 30 receiving pulses R-B from the 14th 
order of MC-DR and that in column shift posi- 
tion 1, the tube C2T-I is conditioned to respond 
to these pulses and produce negative, B-phase 
entry control pulses for order 32 of PQ. It can 
be seen, further, that all the tubes C2T-1, 
C3T-I . . . CI5T-I are conditioned in the 1st 
column shift position and, in response to pulses 
R-B from orders 14 to 1 of MC-DR produce en- 
try control pulses for orders 32 to 19 of PQ. In 
-other words, in column shift position 1, the factor 
in MC-DR is transferred to orders 19 to 32 of 
PQ. In column shift position 2, air the tubes 
C2T-2, C3T-2 . . . CI5T-2 are conditioned and, 
In response to the R-B pulses, produce entry 
control pulses for PQ orders 31 to 18. During 
multiplication, the last column shift position is 
14. In this 14th position, the tubes C2T-I4 to 
CIBT-14 are conditioned and, in repsonse to R-B 
•pulses, produce entry control pulses for PQ orders 
19 to 6. The negative, B-phase entry control 
pulses produced by the tubes G2T to CI5T are 
transmitted via lines 215 and suitable coupling 
capacitors to capacitatively coupled pulse; shap- 
ing tubes 216 and 217 (Fig. 64ft) which apply 
the shaped negative entry pulses to the PQ regis- 
ters. 

The triggers TC (Fig. 64c) are reset at "10.5" 
of the cycle. As previously explained, stage PRI 0 
of the primary timer (Fig. 65ft) is turned at "10" 
of the cycle so as to condition A2I for operation 
by the next B pulse. Thereupon, A2I becomes 
conductive and restores AI2 and A22, as men- 
tioned before. In addition, when A2I becomes 
conductive it applies a negative impulse to AT 75 
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of the MC-DR orders. A number Of these pulses 
equal to the -tens complement of the digit'Stand- 
ing in ,an MC-DR Order Will cause this order to 
reverse the related trigger TC. The trigger TC 
wni'thereupoh render the :associated ! tube : 208 ef- 
fective to produce pulses R-B in response to the 
MC-RB pulses. These PuTses will' act on a set of 
tubes C2T to C 1 5T, "according "to which order of 
MC-DR is being Considered. In Successive column 
positions 1 to 14. the tubes I to 14 of each set of 
tubes CiT to CI 5T will be conditioned to respond 
to the pulses R-B and produce a corresponding 
number of entry control pulses for the PQ orders 
related to these tubes. The multiplicand will 
thus be transferred in each primary cycle 'from 
MC-DR to orders of PQ selected by the column 
shift means. The entry info PQ Will be com- 
pleted by "10" of the cycle. The number of such 
cycles performed in each column shift position 
is determined by the digit in the MP order se- 
lected by the column shift position, in a manner 
described later. 

Carry means are needed between -the orders of 
the PQ register. The carry means used her is of 
the same nature as that described .ln Section 13 
as used in the accumulator. Briefly, ' the carry 
means includes a trigger K (Pig. 64gr) for each 
order 6f PQ. When an order of PQ (Fig.- 04ft) 
steps from 9 to 0 during the entry period it pro- 
duces a positive carry out pulse "at the terminal c 
of stage 8. This pulse is applied to a wire 8 cw 
and is effective to render a triode KV (Fig. 64ff) 
conductive. The triode thereupon reverses the 
trigger K associated with the order of PQ which 
has advanced from 9 to or through 0. For in- 
stance, assuming that the 17th order of PQ has 
stepped from " 9 to 0, the trigger Ki T will be in 
reversed state. 

When an order of PQ (Fig. 64ft), say the 18th 
order, is at 9, its stages I and 8 are in reversed 
status. With stage I in reversed Status, its ter- 
minal e is at reduced potential. Likewise the 
terminal c of stage 8 is at reduced potential. 
The reduced potential at c of stage I is applied 
via wire icw to the tube 65 (Fig. 64/), cutting it 
off. Likewise, the decreased potential at c of 
stage 8 is applied via wire Sew to 65a (Fig. 64/) 
having its anode commoned with the anode of 65. 
Assume, further, that PQ order ,17 has stepped 
from 9 to 0 so that trigger KIT (Fig. 64sr) is re- 
versed. With KIT reversed, it is effective, via 
connection fc(T, to Cut off the tube S5b (Fig. 64/) 
which has its anode commoned with anodes of 
65 and 65a associated with the 18th order. A 
fourth tube 65e has its anode commoned with 
the anodes of tubes 65, 65a, and 65b associated 
with the same order of PQ. The tubes 65c asso- 
ciated with all the orders of PQ have their grids 
commonly connected to a wire j23. This wire is 
connected to the anode of tube J23 (Fig. 65t) con- 
trolled by a tube couple JI9 — J19a. J 19 is nor- 
mally cut off. The grid of J 1 9a is connected by 
wire j 1 9a to the plate of tube A53 (Fig. 65ft) 
which is under control -of trigger A52. The trig- 
ger A52 is in shown status except for the inter- 
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val between "11.5" and "13" of a cycle. Thus. 
A53 remains conductive except for this interval 
which overlaps the carry time between "12" and 
"12.5." Accordingly, the tube JI9a (Fig. 65i) is 
non-conductive during the entry period "0" to 
"10" and couple J 19 — J 1 9a renders J23 conduc- 
tive to maintain wire j'23 (also see Pig. 64/) at re- 
duced potential during the entry period, so that 
the tubes 6 5c are at cut off during this period. 

In the example where the 17th order has 
stepped from 9 to 0 during an entry period, KI7 
is reversed and has cut off 65b associated with 
the 18th order. Further, as the 18th order has 
been assumed to stand at 9, the tubes 65 and 65a 
associated with the 18th order are also cut off. 
As the tube 65c also is cut off during the entry 
period, the group of four tubes 65, 65a, 65b, and 
65c for the 18th order are all cut off. It is clear 
that 65c is initially at cut off during the entry 
period and remains so until after the entry period. 
Further, the tube 65b may be brought to non- 
conductive condition at any point of the entry 
period at which the preceding order goes from 9 
through 0. When the order stands at 8, the tube 
65a goes to cut-off and when this order steps to 25 
9 the tube 65 also goes to cut-off. It is evident 
then that either 65 or 65b will be the last one of 
the group of four tubes to be rendered non-con- 
ductive. Thereupon, the common anode line 65p 
of the group of tubes 65, 65a, 65b, and 65c rises 
in potential and renders a normally conditioned 
tube 65d conductive, thereby reversing the con- 
nected trigger K. In the example, the group of 
four tubes 65, 65a, 65b and 65c associated with 
the 18th order becomes effective through the re- 
lated tube 65cZ to reverse the trigger KI8. This 
reversal will occur at any mid-index time of the 
entry period 0.5 to 9.5 of a cycle (Fig. 66). If, in 
this same entry period, the 19th order also ad- 
vances to 9, then the reversal of K18 will cut off 
65b in the 19th order group of lock tubes and 
thereupon the trigger KI9 will reverse. This 
chain of events may continue through any num- 
ber of higher orders at 9. 

It is seen then, that by the end of the entry 
period, reversal will have been effected of all 
those triggers K (Fig. 64fif) associated either with 
PQ orders which have stepped from 9 through 0, 
or with a succession of orders of which the low- 
est has stepped from 9 through 0 and the higher 
ones are at 9. With a trigger K reversed, it acts 
via connection kf to condition a related tube KT 
(Fig. 64/). In the example, the tubes KTI7 and 
KTI8 are conditioned. At the "12" point of the 
cycle, a positive carry operating pulse C-OP is 
applied commonly to all the tubes KT. Any 
conditioned one of these tubes will become con- 
ductive and via connected line 2 1 5 and a capaci- 
tor apply a negative going impulse to entry tubes 
216 and 217 (Fig. 64ft) for the next order of PQ, 
whereby a carry entry is made into this next 
order. In the example, where KTI7 and KTI8 
(Fig. 64/) are conditioned, the pulse C-OP ren- 
ders these tubes conductive, with the result that 
carry entries are made into PQ orders 18 and 19. 

In this manner, an instantaneous, simultane- 
ous carry is effected into all orders of PQ follow- 
ing orders which have stepped from 9 to 0 or fol- 
lowing one or more, successive orders which are 
at 9 at the end of the entry period and are pre- 
ceded by an order which has stepped from 9 to 0. 
It may be noted that the carry entry is made 
into orders 1 to 27 through the same entry tubes 
216 and 217 which are used during the entry of 
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order, the 33rd, of PQ never receives a direct 
entry of the multiplicand for obvious reasons 
and does not have associated therewith entry 
tubes 216 and 217. Only carry entries may be 
made into this highest order and these carry 
entries are made directly from the associated 
tube KT32 (Fig. 64/) via the connection 33w 
(also see Figs. 6ig and ft) . 

The carry operating pulse C-OP is taken from 
the output of tube J24 (Fig. 65i) . This tube is 
controlled by the couple J20 — J20a. Tube J20 
is normally cut off. At the "11" point of the cycle, 
stage PRI I (Fig. 65ft) is reversed and conditions 
a tube A45. At "11.5" of the cycle, a B pulse 
renders the conditioned tube A45 conductive to 
reverse A46 and A52. The reversal of A52 cuts 
off A53, causing line /19a to rise in potential and 
thereby to render tube J 1 9a (Fig. 65i) conductive. 
Accordingly, the line /23 rises in potential and the 
tubes 65c (Fig. 64/) become conductive. This 
prevents the lock groups of tubes 65, 65a, 65b and 
65c from being effective during the carry period 
to reverse the carry triggers K (64<7) , so that the 
carry-through-9 means is not operative during 
this period. The trigger A46 is reversed at "11.5" 
of the cycle, as explained above. Upon its re- 
versal A46 conditions A47 and the next A pulse, 
occurring at "12" of the cycle renders A47 con- 
ductive to apply through a capacitor a negative 
pulse to A55. The latter thereupon produces a 
positive going pulse on the wire a55 which 
renders J20a (Fig. 65i) conductive. Thereupon 
J24 becomes non-conductive and produces the 
carry operating pulse C-OP which is applied to 
tubes KT (Fig. 64/). At "12" of the cycle the 
primary timer stage PRI 2 (Fig. 65ft) is reversed 
and conditions A44. The next B pulse at "12.5," 
renders A44 conductive to restore A46, decondi- 
tioning A47. Also, when A44 becomes conduc- 
tive, it turns A43 which thereupon conditions 
A51 to be made conductive by the next A pulse 
at "13." Upon A5I becoming conductive, it re- 
stores A52. Thus A52 is in turned condition be- 
tween "11.5" and "13" of the cycle so as to cause 
the tubes 65c (Fig. 64/) to remain conductive 
during this period, for reasons explained before. 
Also, when A5 1 becomes conductive it applies a 
negative impulse by way of a suitable coupling 
capacitor, to tube A50 (65ft), causing this tube 
to be cut off. Accordingly, tube A50 produces a 
positive "13" pulse on its anode line a50. This 
pulse renders the tubes J2I and J22 (Fig. 65i) 
conductive causing them to apply a negative "13" 
impulse to their output line jp. This negative 
"13" impulse is applied to the carry triggers K 
(Fig. 64«r) causing any of these triggers which 
has been reversed during the previous pulse of 
the cycle, to be restored. At "13" of the cycle, 
the stage PR 1 3 (Fig. 65ft) is restored and condi- 
tions A42 to be made conductive by the next B 
pulse at "13.5." Upon A42 becoming conductive, 
it restores A43. 

It has been stated that the number of times 
the multiplicand is routed into orders of PQ, 
65 selected by the column shift position, is deter- 
mined by the digit in the multiplier register order 
also selected in the same column shift position. 
The control by an order of the multiplier regis- 
ter MP (Fig. 64b) is effected by applying entry 
control pulses to the order to roll it through a 
value cycle. The number of such entry control 
pulses equal to the tens complement of the mul- 
tiplier digit will effect the advance of the MP 
order from 9 to 0. Upon an MP order effecting 
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the multiplicand into orders of PQ. The highest 75 this 9 to 0 step, it applies a positive pulse, through 
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a capacitor, to a related tube MFC. The tube 
becomes conductive and applies a negative going 
pulse to a common output line MPO of all the 
orders of MP. In a manner which is explained 
later, the negative pulse on line MPO initiates 5 
the operation of the primary timer and the at- 
tendant primary cycles to cause the multiplicand 
to be transferred to the selected orders of PQ. 
The number of such cycles and therefore the 
number of times the multiplicand transfer re- 10 
peats during a multiplication step is equal to 
the multiplier digit. The progress of the multi- 
plication steps is determined by the secondary 
timer (Pig. 65g0 . This secondary timer is a. dec- 
ade counter exactly similar to a register order 15 
(Pig. 15) . The secondary timer counts out ten 
entry control pulses applied in each column shift 
position to the MP order selected in this, column 
shift position. When ten such pulses have been 
applied to the MP order it is back in its starting 20 
position. The secondary timer then controls the 
operation of the tertiary timer, which is the col- 
umn shift control commutator, to advance to the 
next column shift position thus starting a next 
multiplication step. It is to be noted that, in each 25 
column shift position, a series of ten entry pulses 
will be applied to a selected order of MP; that 
a number of these pulses equal to the tens com- 
plement of the multiplier digit in the order will 
produce a carry out pulse from the order, initiat- 30 
ing the cycle or cycles of transfer of the multi- 
plicand to the selected orders of PQ. The re- 
maining number of entry pulses of the series of 
10 is equal to the value of the multiplier digit. 
At the end of the series of ten pulses, the column 35 
shift means is advanced to the next position and : 
the operation of the primary timer and the mul- 
tiplicand entry cycles is interrupted. It is clear 
that the number of primary, multiplicand trans- 
fer cycles in each column shift position will be 40 
equal to the value of the multiplier digit in the 
order selected by the column shift position. It 
may be noted that since no primary, multiplicand 
transfer cycles are to occur until the selected 
MP order has been advanced from its 9 to 0 po- 
sition, that the entry pulses applied to the MP 
order may be high speed pulses. Likewise the 
secondary timer may be operated at correspond- 
ingly high speed to count these pulses. There- 
after the primary timer begins to operate to 
produce the multiplying cycles. Since there is 
to be one such multiply cycle for each remain- 
ing step of the MP order from its 0 position back 
to its starting value position and since these 
multiply cycles occur at reduced speed, the entry 
pulses applied to the selected MP order after 
it is stepped to 0 are supplied under control of 
the primary timer once for each multiply cycle. 
The secondary timer is operated correspondingly 
at the relatively lower speed by pulses produced 
under control of the primary timer. 

The entry control pulses, designated MPR, 
are positive and applied to the control grids of 
all the input tubes MP-EN (Fig. 64b) of which 
there is one for each MP order. Only one of 65 
these tubes, however, is conditioned in each col- 
umn shift position. Thus, in the 1st. column shift 
position, there is increased potential upon termi- 
nal OS* conditioning tube MP-KNI 4 to invert the 
pulses MPR. to negative entry pulses. MPRO for 
the 14th MP register order.. In the. 2nd column, 
shift position, the input, tube for MP order 13 
will be cQnditioned by increased potential on ter- 
minal, CS2 (see Pig. 65c) , and so on, to the Jst 
order- tube. mP^sm (Fig-. 64b): which is condi- 75 
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tioned in the 14th column shift position in which 
terminal: QS l;4 is at increased potential. 

The feature of operating the selected order of 
MP and the secondary timer by high frequency 
pulses until the MP order is stepped to 0 saves 
considerable time in the multiplying computa- 
tion. It avoids the use of comparatively slow 
speed primary cycles which are idle as far as the 
transfer of the multiplicand into the selected 
orders of PQ is concerned. The primary cycles, 
in each column shift position, are limited to just 
the number of cycles equal to the value of the 
multiplier in the MP order digit selected in. the 
column shift position, and: during which multi- 
plicand, transfers to PQ are effected. 

Tqs recapitulate, irt each multiplication step the 
multiplicand is transferred into PQ at the pri- 
mary timer controlled speed a number of times 
equal, to the value of a multiplier digit. The 
column shift means selects the orders of PQ 
to receive the multiplicand and also selects the 
MP order to control the number of repeat cycles 
of multiplicand entry. The column shift means 
then is advanced to select an adjacent order of 
MP as a controlling order and to select adjacent 
orders of PQ to receive the multiplicand entries. 
The number of repeat cycles of: the multiplicand 
entry is equal to the value of the multiplier digit 
and the selected MP order is advanced by a series 
of ten pulses in each column shift position. The 
number of advancing pulses equal to the tens 
complement of the multiplier digit effects the 
carry out step of the MP order and. the remaining 
number of pulses of the series of ten is equal to 
the number of times the multiplicand entry is 
effected into the selected PQ orders.. To; clarify 
this, if an MP order is. at 0, the entire series of 
ten pulses are required to step it back to 0. These 
pulses will be high frequency pulses so as to. pro- 
duce this idle value cycle of the MP order, regis- 
tering 0, at very high speed. If the: MP order 
contains, for instance, the digit 4, then the ; first 
six pulses applied thereto are high frequency 
pulses rapidly stepping it from its 9 to its 0 po- 
sition, as indicated in Fig. 67. The next four 
pulses for returning the MP order to its starting 
digit 4 will be slower frequency pulses timed under 
control of the primary timer;. Thus, a relatively 
considerable, over-all saving in multiplying time 
during a multiplying calculation is effected by 
operating the multiplying means at very high 
speed. 

The entries of the multiplier and multiplicand 
factors into registers MC and MP have been de- 
scribed previously in this section. After these 
entries have been made, the commutator MYC 
(Pig. 78M) , in a manner described in Section 18, 
produces; a negative start signal MY-ST which 
cuts off: Dlla (Fig.. 65/) . D3I has already been 
cut off as a result of reversal of HI 4 (Fig. 65e) 
at the end of the operation of the cancel timing 
counter (Fig. 65e) initiated under control of the 
first signal M-PRK Accordingly, when the start 
signal cuts off D3.la, the common anode of D3 lo 
and D3 1 rises, in potential and reverses trigger 
D30. Thereupon D30 reverses D3T and D3T re- 
verses D43. With E43 reversed it cuts off D5I 
so that its output line, which, is called the inter- 
lock line, goes to increased potential. It is. to be 
noted that. the. interlock tubes: 13,. 16, 20, and 23 
(Fig, 6:4a) now become conductive, positively pre- 
venting any alteration of the, multiplicand and 
multiplier registrations in MG and MP; 

When. D3T (Fig. 65/), is reversed, as. described 
above; it conditions E>4& to, be rendered conduc- 
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tive by the next A pulse and thereupon to reverse 
D45. D45, upon reversing, applies conditioning 
potential to D38 and the next B pulse renders 
D38 conductive to restore D37. As D37 is re- 
stored it conditions D44 to respond to the follow- 
ing A pulse and thereupon to restore D45. Dur- 
ing the interval between two successive A pulses 
in which D45 was reversed, it conditioned. D35 
and the next B pulse caused D35 to become con- 
ductive and reverse the main start trigger D33. 
This trigger remains in reversed status until re- 
turned at the completion of the multiplying com- 
putation. With D33 reversed, it acts through 
D4I to apply decreased potential to a wire rt4l 
(also see Pig. 65ff) , cutting off B43. B43a is nor- 
mally cut off under control of B26 acting via 
B34a. The tube B34 is cut off during the multi- 
plying calculation because the line dv is at low 
potential except when dividing calculation is be- 
ing effected. Accordingly, when B43 is cut off, 
the common anode line of B43, B43a and B34 
rises in potential and conditions B27 to respond 
to the high frequency (50 kc.) A-phase pulses. 
These A-phase pulses are supplied from BI9 
which is coupled to the output of BIS, normally 
conditioned by B4 to respond to the A+ pulses. 
In response to each applied positive A-phase 
pulse, B2T produces a negative pulse which oper- 
ates through B44, B49, B52, B53 and B55 to apply 
a positive A-phase pulse MPR to the tubes MP- 
EN (also see Pig. 64b). As previously explained, 
the pulses applied to these tubes are inverted 
by the one tube which is conditioned in the exist- 
ing column shift position to an entry pulse which 
effects a step of advance of the associated MP 
order (also see Fig. 64b). The negative pulse 
output of B27 (Fig. 65s0 also is applied, via the 
anode resistor of B35, to the secondary timer to 
effect a step of advance thereof, so that each 
high speed pulse applied to the MP register is 
counted by the secondary timer. 

A number of entry pulses equal to the tens 
complement of the multiplier digit in the selected 
MP order (Fig. 64b) advances this order to its 
carry out condition and as previously explained, 
the order then acts through the associated tube 
MPC to apply a negative pulse to the common 
line MPO. The negative pulse on MPO is ap- 
plied to a tube Bll (Fig. 65eO, cutting off this 
tube to impress a positive going pulse on the 
control grid of BI2. As previously stated, start 
signal MY-ST has caused the interlock line to 
go to high potential. This line connects to the 
suppressor of B 1 2. Accordingly, when under con- 
trol of the MPO pulse, tube Bl I applies a posi- 
tive pulse to B 1 2, the latter becomes conductive 
and reverses B22 and B4. With B4 reversed, it 
deconditions BI8 so that the high speed A+ 
pulses no longer are effective to operate through 
BI8, BI9 and B27 to produce the high frequency 
operating pulses for the active MP order and 
for the secondary timer. With B22 reversed, it 
conditions BI3 to respond to the next B pulse 
and turn BI4 (see Fig. 67). Also with B22 re- 
versed, it cuts off B2 1. At this time B2la is also 
cut off under control of a trigger B38, in its can- 
celled state, and a tube B37. Hence, when B2I 
is cut off by the reversal of B22, B2I— B2la is 
effective to condition B20 to respond to the next 
B pulse. In response to this pulse, B20 turns B26. 
With B26 turned, it cuts off B34a to render B43a 
conductive, thus deconditioning B27. B34a also 
at this time conditions B35 to take over the con- 
trol of the generation of pulses for operating 
the secondary timer and the selected MP register 



order. In addition, B34a, when cut off, condi- 
tions B42 to respond to A+ pulses and produce 
negative A-phase pulses. These negative A- 
phase pulses are transmitted via B4I, B25 and 

5 B33 to the input line PRI of the primary timer. 
BI4 was turned at the same B time as B25. 
Turned BI4 causes B23 to respond to the next 
A pulse and return B22. B22 then conditions 
BI5 to act, in response to the following B pulse, 

10 to reset BI4. BI4 thereupon resets B4. This 
allows A-phase pulses to be re-applied to B27 
but these pulses are not effective because B27 has 
been deconditioned by turned B26. Hence, high 
speed operation of secondary timer and selected 

15 MP order will not occur. Instead, their opera- 
tion will be controlled by the primary timer to 
which advancing pulses will be applied in con- 
sequence of the turning of B26 ; as described 
above. 

20 In a manner explained before, the primary 
timer now operates through one or more primary 
cycles (Fig. 66) to cause the multiplicand to 
be transferred in each cycle to the selected orders 
of PQ (Fig. 64ft). At "12" of the cycle, PRI2 
25 (Pig. 65ft) is reversed and conditions A44 to re- 
spond to the next B+ pulse and reverse A43 at 
the "12.5" time. With A43 reversed, it condi- 
tions A5I to respond to the next A pulse at "13" 
which is inverted by A50 to a positive A-phase 
30 "13" pulse on the wire a50. This pulse, besides 
causing reset of the carry triggers K (Fig. 64g) , 
as described before, is impressed on the now 
conditioned tube B35 (Fig. 65fif) , causing this tube 
to apply an advancing pulse to the secondary 
35 timer and also to apply a pulse to the tubes B44, 
B49, B52, B5I and B55 as a result of which the 
positive pulse MPR is applied to the tube MF-EN 
B49, B52, B53 and B55 as a result of which the 
primary cycle in which a multiplicand amount 
40 is transferred to orders of PQ, a single pulse is 
applied under control of the primary timer to 
the secondary timer and also to the active order 
of MP. The pulse applied to the MP order steps 
it to its next value position while the pulse ap- 
plied to the secondary timer advances it so as 
45 to continue the count of the total number of 
pulses applied to the active MP order. 

At the "13" time of the cycle, the primary 
timer stage PRI 3 (Fig. 65ft) is restored and there- 
upon conditions A42 to respond to the next B+ 
50 pulse at "13.5." A42 thereupon becomes effec- 
tive to restore A43, as described previously. 

When the number of primary cycles equal to 
the value of the multiplier digit has been per- 
formed, then ten pulses have been applied to the 
55 secondary timer and to the active MP order in 
a particular column shift position. The 10th 
pulse of the series completes the cycle of the 
secondary timer and completion of the cycle is 
manifested by the return of its stage 8 to can- 
celled status. Upon the return of stage 8 to 
this status, which occurs at the "13" time of a 
cycle, it reverses B38. Upon the reversal of B38, 
it acts through B37 to condition B36 and B45 
65 to respond to the next B pulse. B36 in response 
to this pulse becomes conductive and restores 
B26. B45 in response to the B pulse becomes 
conductive and reverses B46. B45, upon becom- 
ing conductive, also acts through B54 to apply a 
70 positive going pulse CSM to the wire &54. It is 
to be noted that this pulse is produced at "13.5" 
of the primary cycle. The positive pulse CSM 
is applied through a capacitor to the tube C23 
(Pig. 65e) which is conditioned during multipli- 
75 cation by the high potential on the wire my. Ac- 
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cordingiy, tile pulse, CSM renders CMi cmsduefeitve time;, the- secondary counter has heeni advanced 
to cut off C2£. The latter thereupon* acts from 9 to 0 and has- tinned' B38. This-; cuts* oS 
through parallel tubes: C21 and C25 to- apply a B2<7, so B2lc conducts and prevents B20 from 
negative going impulse CSS tathewire Her which being: conditioned toturn.B28 at the next B pulse 
is the input wire for tbe: tertiary tnnes: (Kgs., S5te 5 time. Hence- B2.I remains conditioned, and 
and <f) . The tertiary time has 38> stages TERI primary; cycles will not bes initiated;, The.: turn- 
to 30 and is part of the column shift means;. In bag?; ofi B22; is effective,, as before, to cause BJ-3 
the cancelled condition of the tertiary tamer, the ttt tHrniBSfl-at said-next Bpulse time, so;B23 will 
1st stage TERt (Fig. 65c): is- in a status ■which is restore B22 ; at the f ollowing, A, pulse time, causing 
opposite the status of. each of the other stages. 10 Bl S to restore B-!4; at the succeeding- B pulse, time 
In this canceled status of the 1st stage TERI, it (see- Fig. 87) . Upon restoration of. B 1 4> it resets 
is effective to maintain a tutaeEt non-comtactec, B4f so;that high speed. A- phase? pulses may be re,- 
so that its. output terminal CSI is at, high paten- applied: to- B27 which- has* remained- conditioned 
tial. The remaining; stages of: the- tertiary timer, This.Qecurs. at the second B Raise time- following 
in their canceled states, maintain the remaining 15 thestepping, of the secondary timer from: 9 ta>0v 
terminals CS2- to. CS30 at law potential.. The ter- and* as a; result of, which. B38 was, turned. At 
minal CSI is connected to the correspondingly the- first following B pulse times, the turned trig 7 
designated terminals in Figs.. 64b: and. 64*. With ger. E33 : allows BS4< to produce the: pulse CSM 
the terminal; CSI in Fig. &4rf; at high potential, under: control of which, the tertiary timer is ad- 
aE the tubes C2T-t to CIS- 1: are being condi- 2© vanced to its- next position. At the second, fol- 
tioned. Accordingly,, the multiplicand, will, be lowing; B-. pulse time,, B*, is. reset, so- that Anphase 
routed by the means described before and in- pulses -.-may be reapplied! to, conditioned B2J-. Itis 
eluding these tabes; into orders 32 to 19 of PQ, in seen, therefore, that, when am MP order stands 
the 1st column shift position (see Fig. 66A) . Also, at 0,- it is advanced through a cycle, at high, speed, 
with the terminal CSi in Fig. &4b at. high paten- 25 that at the next B- pulse time; the tertiary timer 
tial, it is conditioning: the tube MP-ENI4 to- pass is; advanced to select the next MP order, and that 
the pulses MPR to the 14th order, of register MP after, a skip of one A. pulse cycle, the, high, speed 
to effect the value cycle of this order in the man- advance of this next MP order begins (see Fig. 
nerexplainedbefore., 67). 

When, in the 1st column shift position, the 30 In the. foregoing manner, the. multiplicand will 

multiplicand has; been transferred to orders 32 to be transferred to successively lower orders, of PQ 

19; of PQ a number at times- equal to the value in successive column shift positions.. When the 

of the multiplier digit in order 14. of MP;, the multiplication, operations in.; the l&th column 

secondary timer (Fig: 65?) brings about the pro- shift position have, been completed,, a- pulse, on 

duction of : the negative pulse on wire tor, in. the 35 wire ter will be effective to restore, the stage 

manner already explained.. This pulse is effec- TERM (Fig. 65d) . 

tive to reverse TEE I o£ the; tertiary timer; Upon Upon its restoration, TER I A reverses stage 
its reversal TERI reverses the 2nd stage TER2. TER(;5. This stage thereupon cuts, off a tube 
Now, there is no longer increased potential at the EMfc to produce a positive going pulse; on, wire 
terminal. CS I but instead there is high potential 40 «A8i This pulse is applied- through a. capacitor 
at the: terminal CS2. With high potential on. this to the control grid of a tube Clfl. (Fig,,65e) which 
terminal,, alii the tubes G2X-2 to. CI5T-2 (Fig. is normally conditioned when multiplication has 
64d) are conditioned and prepared to route the been called for, as a result of the. increased, pa- 
multiplicand into orders 31 to; 18 of FQ> (see Fig. tentiai on the wire my. Accordingly,, the pulse 
66A) . Further, with; CS2 at high potential, the , applied to the control grid of, CI 9 is inverted, to 
tube MP-ENI3 (Fig. 646) is conditioned to- direct *" a negative impulse by this tube, and is applied 
the pulses MPR; into the, 13th; order, of MP to along a wire cl-9 to the, trigger. DS3. (Fig. 65/) , 
effect a value cycle., restoring, it. As previously explained, this, trig- 

The tertiary timer was stepped at "13.5" of a ger was reversed under, control of a multiply 

primary cycle; E29: (Fig 65g) also was reset at ■ start signal MY-ST. It may be recalled that this 

this, point and: rendered; B34a, conductive-. Con- 0 trigger D3.3 when, reversed,, initiated- operation of 

sequently, B4 2 was deconditicned before the next the secondary timer and, thereby initiated, the 

A pulse time; and operation of the primary timer performance of the multiplication operation after 

is interrupted. Further, B2,1 was; reconditioned to the f actors have been read; into, their respective 

pass through the, Ar-phase pulses, so. that high _ r receiving, registers. Now,, at the. completion of 

speed operation of; the; secondary timer andl of ao multiplication, the trigger- D33 is restored in. the 

the MP order selected by the new column shift manner just described. Upon restoration of 

position will restart at. the A pulse time following DM, it applies a positive, pulse to the control 

the advance of the tertiary timer to this, new grid of D49. If half correction suppression has 

position. w been signalled for, then the suppressor of D49 

B4S was turned also at the "'13,5" time oft the also; will be at- high potential, and the, applica- 

primary cycle: irt which, B2fi; was reset, and. the tion.of. increased potential to, its control, grid wUl 

tertiary timer stepped.: to its next position. render- it conductive. The, half correction sup- 

TtrrnediB4'B; conditionaBstl to conduct: in response preaaion signal, is produced, if the, program calls 

to the next. A pulse and thereupon to return B38. ft5 fiar it, prior to, the signals M-PRE,, in a manner 

B18 then conditions B3,7,c- to; act- in. response- to described in Section-. 18. The; suppression, signal, 

the next B pulse; to: reset B4-6. Allthe initial; con- designated, HCS comes from the, main, commu- 

ditions f or high speed operation, o£ the multiplier tator and is negative; This, signal- is applied to 

have been reestablished^ 040, (Fig., 65b?)v As this; signal is< applied, before 

If the selected MP order stands at. 0,. the lath 7$ the- multiply start signal MY-ST has- been- pro- 
high speed A-phase pulse will cause the; order to dsaced, the interlock line, will still be at decreased 
produce the pulse; MPQ,. causing Bl-2 to turn B4 potential, and cutting, off, a tube GABa.. Hence, 
and- B23. With B4f tuimad„ it stops; application' of when G40, also is cut off , the couple, G4U ; — G49cs 
high speed A-phase pulses to; B21?., With B22 becomes, effective, to; make. G32 conduct and 
turned,, it cuts, off, B2.1. But at the same A pulse 7,5 thereby reverse trigger, G24, With, CM reversed, 
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it maintains G8 conductive to produce a main- 
tained, negative half correction suppress signal 
MHCS at decreased potential on its output line 
gZ. The signal MHCS on line gS cuts off a tube 
D29 (Pig. 65/), so that the output of this tube 
goes to increased potential and conditions the 
tube D49. As previously described, with this tube 
conditioned, the return of trigger D33 at com- 
pletion of multiplication is effective to render 
D49 conductive. When D49 becomes conductive, 
it reverses the "complete" trigger D42. The re- 
versal of D42 sends out an internal, complete, 
negative signal CPLT along wire d42 to the result 
sign circuit (Pig. 65fc), where the signal cuts off 
34a. As will be brought out in the description, 
to follow shortly, of the sign mixing and result 
sign means (Figs. 65?' and k) , if this means pro- 
duces a proper result sign, tube 34, Pig. 65fc, is at 
cut off by the time 34a is cut off by the internal, 
complete signal CPLT. With 34 and 34a both 
cut off, the couple 34 — 34a acts to render 33 con- 
ductive. Tube 33 thereupon emits a negative 
back signal R-CPLT which goes to the commu- 
tator MYC (Fig. 78M) and causes it, in a manner 
described in Section 18, to emit a negative re- 
sult readout signal R.RO. This signal causes the 
product and its sign to be read out to the In- 
ternal Out bus-set. Before explaining the read- 
ing out means and operation, the sign mixing 
and result sign circuit and the rounding off or 
half correction means will be explained. 

The sign mixing means. — The multiplicand 
and multiplier factors are accompanied by nega- 
tive or positive signs. When the factors are ap- 
plied successively to the Internal In bus col- 
umns 16 to 29, their accompanying signs are ap- 
plied to Internal In bus column 1. If the sign 
of a factor is positive, it is represented by in- 
creased potential on bus 2 of Internal In column 
1 (Fig. 65 j') and if the sign is negative it is rep- 
resented by increased potential on bus I of this 
column. The ultimate sign of the product is 
determined not only by these signs of the factors 
but also by the operational signs which are de- 
rived from the program means, in a manner ex- 
plained later in Section 18. At the time the mul- 
tiplicand factor and its sign are applied to the 
Internal buses, an operational sign representa- 
tion for the multiplicand is applied to lines Is 
and 2s. The sign mixing circuit includes an MO- 
DE factor sign and operational sign mixing net- 
work. The network mixes the operational sign 
representation for the multiplicand and the sign 
representation for the multiplicand (or divisor) 
factor and produces an output sign representa- 
tion for this factor. When the multiplicand and 
its sign are removed from the Internal buses, the 
operational sign representation for the multipli- 
cand also is removed from the input lines Is and 
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the input sign of the factor. Operational sign 
2 means that the output sign of the factor is to 
be the same as the input sign. Finally, opera- 
tional sign 3 means that the output sign for a 
factor is to be — regardless of the input sign. 

Pig. 65; shows the complete mixing circuit 
network for the multiplier factor input and op- 
erational signs. If the multiplier sign is — , 
it is represented by increased potential on bus 
I , column 1 of the Internal In bus-set. This in- 
creased potential is applied to 12, Fig. 65 ;', to 
condition the latter. If the multiplier sign is 
+ then the bus 2 of column 1 of the Internal 
In bus-set is at increased potential and results 
in the conditioning of 1 1 . If the operational 
sign 1 is accompanying the multiplier factor, 
then it takes the form of increased potential 
on line Is, causing 10 to be conditioned. Op- 
erational sign 2 is represented by increased po- 
tential on line 2s and conditions 9. As previ- 
ously explained, an MP-RI negative signal is 
produced by commutator MYC (Pig. 78M) to 
time the entry of the multiplier into register 
MP (see Pigs. 64a and b). This same signal is 
applied to 30, Pig. 65j". The interlock tube 29 is 
off at this time, since its grid is connected to 
the interlock line d5l which, as previously de- 
scribed, remains at low potential until the start 
signal MY-ST is applied, and this occurs only 
after the factor and sign entry times. Accord- 
ingly, 30 — 29 becomes effective upon the appli- 
cation of the MP-RI signal to apply increased 
potential to the control grids of the tubes 9, 
10, II and 12. Any of these tubes which has 
been conditioned becomes conductive and ef- 
fects the reversal of a related one of the four 
triggers 17, 18, 19 and 20 in Pig. 65;". 

Asssume that operational sign 0 is applied to 
the MP/DD sign mixing circuit. As previously 
indicated, this operational sign requires that the 
mixing network produces a + output sign, re- 
gardless of the input sign for the factor. It 
will be noted that when the operational sign 
is 0, the lines Is and 2s remain at decreased 
potential so that neither tube 9 nor 10 is con- 
ditioned. Accordingly, triggers IT and 18 re- 
main in cancelled status. With 17 and 18 in 
cancelled status, they render 4 1 conductive. 
Hence 41 fails to condition 49, the output 49w 
of which is the multiplier (or dividend) + sign 
output. Accordingly, this output remains at ef- 
fective, high potential. With 17 in cancelled 
status, it is deconditioning 33, 36, and 42. With 
18 in cancelled status, it is deconditioning 34, 
35 and 42. It is clear now that when both the 
triggers 17 and 18 are in cancelled status, only 
the tube 41, of the set of tubes 33, 34, 35, 36, 
41 and 42 is conductive. As 42 remains non- 
conductive, it applies conditioning potential to 
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2s. Subsequently, when the multiplier factor is 60 the control grid of 51. With 35 and 36 non- 
applied to the Internal In bus columns, its input »• ■ - - - 

sign is applied to column 1 and an accompanying 
operational sign is applied to lines Is and 2s in 
Fig. 65;. The input and operational sign repre- 
sentations for the multiplier are mixed by a mul- g g 
tiplier (or dividend) sign mixing network MP/DD 
which produces a resulting multiplier (or divi- 
dend) output sign representation. 



conductive, they apply increased potentials to 
the control and suppressor grids of 44. Ac- 
cordingly, 44 is conductive and cuts off 52 which 
applies increased potential to the suppressor of 
51. Inasmuch as 51 is conditioned by increased 
potential on its control grid, 51 becomes con- 
ductive and applies reduced potential to the mul- 
tiplier (or dividend) — sign output line 5iw. 
The reduced potential on this line indicates ab- 



There are four possible operational signs ex- 
plained in Section 2a. These are the operational 70 sence of a — sign output for the multiplier (or 
signs 0, 1, 2, and 3. Operational sign 0 signifies dividend) factor. 

that the output sign for a factor is to be + re- Assume the operational sign applied to the 

gardless of the input sign. Operational sign 1 multiplier factor is the operational sign 1 which 

signifies that the mixing network for a factor is requires that the mixing network produces an 

to produce an output sign which is opposite to 75 output sign which is opposite the input sign of 
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the multiplier. The application of operational is 2. Under these conditions IT and 20 are re- 
sign 1 causes reversal of trigger 18. With this versed. In this case tube 36 will be conductive 
trigger reversed, it conditions 39, 35 and 42. As- and tubes 33, 34, 35, 41 and 42 will be non-con- 
sume the input sign for the multiplier factor ductive. Accordingly, 44 will be rendered non- 
is — , so that the trigger 20 is reversed. With 5 conductive so as to make 52 conduct. With 52 
this trigger reversed, it applies increased poten- conducting, it renders 51 non-conductive to pro- 
tial to grids of 36 and 34. Under the stated con- duce an increased potential on its output line 5 \w, 
ditions, the tube 34 becomes conductive and representing a — output sign for the multiplier 
deconditions 43. Accordingly, 43 applies in- factor. 

creased potential to the suppressor of 50. In- 10 1 It is seen that when the operational sign is 2, 

asmuch as 42 remains non-conductive, it applies the output sign for the factor is unchanged with 

increased potential to the control grid of 50 respect to the input sign. 

and also to the control grid of 51. Since the Assume the operational sign to be 3, which 
suppressor of 50 also is at increased potential, means that the output sign is to be — regardless 
it becomes conductive and deconditions 49 so 15 of the input sign of the factor. With both the 
that the + sign output line 49wj goes to in- lines Is and 2s at increased potential, represent- 
creased potential which is the effective poten- tag operational sign 3, the triggers 17 and 18 will 
tial for reading out a + output sign for the mul- be reversed. Accordingly, 42 will be conductive 
tiplier (or dividend) factor. Under the stated and will render 5 1 non-conductive to produce in- 
conditions tube 35 remains non-conductive in- 20 creased potential on line 5 In; to represent a — 
asmuch as its control grid is being held at low output sign. Since 42 is conductive, it also cuts 
potential by unreversed trigger 1 9. Also the tube off 50 to apply increased potential to the suppress- 
36 remains non-conductive because its control or of 49. With either trigger 17 or 18 reversed, 
grid is kept at low potential by trigger 17 in its 41 remains non-conductive and applies increased 
cancelled state. Since 35 and 36 are both non- 25 potential to the control grid of 49. Hence, under 
conductive, they act on 44 to render it conduc- the stated conditions 49 is conductive and its 
tive. In turn, 44 cuts off 52 to apply increased output line 43w goes down in potential, indicat- 
potential to the suppressor of 51. Since in- ing that the output sign is not the + sign. It 
creased potential has been applied by the non- is evident therefore that when the operational 
conductive tube 42 to the control grid of 51, 30 sign is 3, the output sign will be — regardless of 
the latter is conductive and the output line 5 Iw the input sign of the factor. The negative multi- 
goes to low potential, indicating that the out- plier cancel signal MPC coming from commutator 
put sign for the multiplier (or dividend) is not MYC (Fig. 78M) and which as previously ex- 
the — sign. In short, under the conditions plained causes the multiplier cancel circuit (Pig. 
where the input sign for the multiplier (or 35 64a) to operate for resetting the register MP is 
dividend) factor is — and the operational sign also applied to 28, Fig. 65j. During the multi- 
is 1, the output sign is +. plying calculation, line my is at high potential 
Assume the operational sign is still 1 but that and renders 25 conductive. This causes 25a to 
the multiplier sign is +. Accordingly, triggers maintain 28 conductive except when signal MFC 
18 and 19 are reversed. In this case tube 35 40 is applied. This signal cuts off 28. The inter- 
becomes conductive and tubes 33, 34, 36, 41 lock tube 29 is still cut off. Accordingly, upon 
and 42 remain non-conductive. With 35 con- 28 receiving the cancel signal MPC, 28 — 29 renders 
ductive, it deconditions 44 which makes 52 con- elements 26, 28a, 27 and 27a conductive. These 
duct. Accordingly, 51 is deconditioned and its elements are respectively coupled to the terminals 
output 5iw goes up in potential, manifesting 45 / of triggers 17, 18, 19, and 20. Hence, when the 
a — sign output for the multiplier factor. As tubes 26, 26a, 27 and 27a become conductive, 
33 and 34 are off, 43 is conductive and decon- they cancel the respective triggers. Thus before 
ditioning 50; hence increased potential is being the multiplier factor is entered and its output sign 
applied to the suppressor of 49. Also, since 41 determined, the triggers in the multiplier sign 
remains non-conductive it is applying increased 50 mixing network are reset. 

potential to the control grid of 49. Thus 49 is The multiplicand (or divisor) sign mixing cir- 
conductive and its output 49w goes down in po- C uit MC/DR (Fig. 65j) and its controls are simi- 
tential indicating that the output sign is not a i ar to the multiplier (or dividend) sign mixing 
+ si sn- circuit and its controls, with the exception that 
In the case where the operational sign is 2, 5g the sign entering circuits are rendered effective 
the output sign will be the same as the input by the multiplicand read in signal MC-RI (or 
sign of the factor. In this case, trigger 17 is dividend entry signal DR-RI) applied to 31 the 
reversed. Assume the input sign for the factor anode of which is coupled to the anode of inter- 
is +, so that trigger !9 also is reversed. Under lock tube 31a. The + output sign of the MC/DR 
these conditions tube 33 is conductive while tubes 6Q mixing circuit is represented by high potential 
34, 35, 36, 41 and 42 remain non-conductive. As on line 53«j, while the — output sign is repre- 
33 is conductive it causes 43 to be.non-conduc- sented by increased potential on line 55ro. Also 
tive so as to condition 50. Inasmuch as 42 is the sign triggers in the MC/DR mixing circuit 
non-conductive it is also applying increased po- network are cancelled under control of the 
tential to 50. Therefore, 5G is conductive and 6g MC/DR cancel circuit (Fig. 64a) . 
rendering 49 non -conductive to apply increased The sign of the product (or quotient) is de- 
potential to line 49u> manifesting a + output termined by the output signs of the factors. If 
sign for the multiplier factor. With 35 and 36 the output signs of both factors are +, then tube 
non-conductive, 44 is conductive and cutting off 2, Fig. 65fc, is conductive and cuts off 10. This 
52 to apply increased potential to the suppressor 70 conditions the suppressor of 18. The control 
of 51. Also, 42 , being non-conductive, applies in- grid of 1 8 is connected to interlock line d5 1 which 
creased potential to the control grid of 51 so goes to increased potential as a result of the ap- 
that the — sign output line 5 1 w is at decreased plication of start signal MY-ST (Fig. 65/). Ac- 
potential. Assume instead that the input sign cordingly, 18, Fig. 65fc, becomes conductive at 
for the factor is — and that the operational sign .75 that time, if both factor output signs are +, and 
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reverses a trigger 27. This stores the fact that 
the sign of the calculated result is +. If both 
output signs are — , then 3 is conductive and de- 
conditions 10. Again (8 is caused to conduct at 
start signal time and trigger 27 is reversed to 
store a + sign for the result. If the multiplier 
(or dividend) output sign is positive and the 
multiplicand (or divisor) output sign is negative, 
then 5 is conductive and deconditions 13, as a 
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signal CPLT to be effective to render 33 conduc- 
tive so as to emit the negative complete signal 
R-CPLT. In response to this signal, commuta- 
tor MYC (Pig. 78M) produces a negative result 
readout signal R.RO. This signal is applied to 
36, Pig. 65fc. The same signal also is applied to 
8 and 9 in Fig. 65fc which apply a positive signal 
R.RO to the control grids of all the sets of read- 
out tubes PQ-R (Pig. 64i). There is a set of 



result of which 21 conducts at start signal time 10 four tubes PQ-R I, 2, 4 and 8 for each of orders 

and reverses a trigger 29 to store a — sign for 6 to 33 of register PQ, which are associated with 

the result. If the multiplier (or dividend) out- columns 29 to 2, respectively, of the Internal 

put sign is — and the multiplicand (or divisor) Out bus-set, as may be understood from Pig. 66A. 

output sign is +, then 4 is conductive and also It should be noted that orders 1 to 5 are inactive 

deconditions 13 with the result that 21 conducts 15 during the multiplication operation and, in any 

and 29 is reversed to store a — sign for the prod- event, are not read out to the buses. The sup- 

uct. pressors of tubes PQ-R are respectively coupled 

The triggers 27 and 29 are cancelled at the to the terminals / of the stages I, 2, 4 and 3 

same time that the accumulator PQ is cancelled, (Pig- 64ft) of the associated order of PQ. The 

prior to factor and sign entries, under control of 20 number standing in an order of PQ is repre- 

the PQC signal. This signal is also applied to sented by the stages or combination of stages 
1 9a in Pig. 65fc to render it non-conductive. The 
interlock tube 19 is still off at that time and 
19— 19a becomes effective to render 20 and 20a 



which have been reversed. When a stage is re- 
versed, its terminal / is at high potential and 
conditioning the related one of the tubes PQ-R 



conductive, thereby resetting triggers 27 and 29. 23 640. It is clear now that there are 28 sets 



of readout tubes PQ-R which are selectively con- 
ditioned in accordance with the amount standing 
in register PQ. The positive readout signal 
R.RO renders the conditioned ones of the tubes 



As previously explained, if half correction is 
not called for, then the signal CPLT, signaling 
the completion of multiplication, will be pro- 
duced by reversal of trigger D42 (Pig. 65/) upon 

the restoration of D33 after the 14th column 30 PQ-R conductive to send out negative going 
shift step. The signal CPLT will cause a com- binary digit representing impulses on the buses 
plete signal R-CPLT to be sent to commutator °^ the Internal Out bus-set columns 2 to 29. 
MYC (Fig. 78M) if the sign mixing and result These digit signals are transmitted to the de- 
sign circuit (Figs. 65/ and fc) has operated nomlnational shift means explained in Section 
properly. Commutator MYC will then return 33 * 2 - The product sign is read out as decreased 
a_result readout signal R.RO (Fig. 65Jfc) to the potential upon bus I or 2 of column 1 of the Inter- 
nal Out bus-set. Assuming that the product sign 
is +. trigger 27, Fig. 65fc, is reversed and con- 
ditioning 35. The signal R.RO applied to 36 
40 cuts it off and causes it to apply increased poten- 
tial to the control grid of 35. Consequently 35 
becomes conductive and applies a reduced poten- 
tial to bus 2, column 1, Internal Out bus-set. 
This reduced potential on this bus represents a 



MD unit. The readout signal will cause the 
product and product sign to be read out from 
register PQ to the Internal Out bus-set. On 
the other hand, if half correction is not sup- 
pressed, then the complete signal CPLT and 
reading out will be delayed until half correction 
has been effected. 
In the description of the sign mixing and re 



suit sign producing means, it was explained that 45 + sign. If, on the other hand, 29, Fig. 65fc, has 



either a trigger 27 or a trigger 29 in Fig. 657c 
is reversed to store eittier a + or a — result sign, 
respectively. If neither or both of these triggers 
are reversed, then it is a manifestation of some 
misoperation. In that event, tube 34, Fte. 65fc, 50 
will remain conductive and the cutting off of 34a 
by the signal CPLT will be ineffective. The con- 
trol of tube 34 is effected as follows. If 27 is 
reversed, it applies increased potential to the 



been reversed, then it is conditioning 37 and 
the readout signal R.RO, acting through 36, 
makes 37 conduct to apply reduced potential to 
bus I of column 1, representing the — sign. 

The negative readout signal R.RO, from com- 
mutator MYC (Fig. 78M) is also applied to a 
tube D34 (Fig. 65/) , cutting it off so as to restore 
the trigger D42. Upon restoration of D42, it 
restores the control interlock trigger D43, so 



control grid of 26. When 27 is reversed, then 2fl 55 the interlock line d5l returns to low potential. 



should remain in its cancelled state and ar:piy 
increased potential to the suppressor of 25. 
Therefore, the conditions for making 2fi conduct 
have been satisfied and the tube applies decreased 



The half correction — The number of digits in 
the product is either equal to or one less than 
the sum of the digits in the multiplier and multi- 
plicand factors. The column shift amount is 



potential to 34 cutting it off. On the ot^er 60 chosen according to the number of digits of the 



hand, if 29 also is reversed along with 27. indi- 
cating a misoperation. then S6 will remain n«n- 
conductive and 34 will remain conductive nulli- 
fying- the effect, the cicmqi <7Pt,t n n tube 3*<t.. 



product to be ultimately transmitted through 
the column shift means to a receiving unit. For 
instance, the product may be a maximum of 28 
digits but the receiving unit in the present case 



Assume that neither of the triegers 27 and 2«t 65 is designed to receive a maximum of 19 digits 



has heen reversed, also indicating misonerat.inn. 
In that case tbe con+rol errid nf 2<5 will remain at 
low nntent.ial. Also the control errid of a. t"><o 2«t 
will remain at low potential. y»s a, result. 3" will 
remain conductive. Assume that ?« has been re- 
versed and 27 remained in cancelled state. 2* 
then will apply increased potential to t,*>e control 
grid of it and at the same time 27 w<11 nppiv in- 
creased potential to the snnnressnr nf 2«. T""e 



plus, of course, the sign. Therefore, when the 
product is 28 digits in size, at least the nine 
right-hand digits must be discarded through the 
operation of the denominational shift means 
70 (Section 12). In such case, the column shift 
amount will be at least nine and the shift to the 
right will be signalled for. The maximum 
column shift amount when column shift is to 
take place to the right is a shift of 27. It is 



28 will conduct and 34 will be cut off to enable the 75 seen therefore that the column shift amount may 
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vary from 0 to 27. The last right-hand order 
to be transmitted to the receiving means is 
rounded off, unless a half correction suppression 
signal is received by the MD unit. As under- 
stood, the half correction, or rounding off opera- 
tion, consists in adding five to the order of the 
product at the right of the last right-hand order 
to be transmitted to the receiving unit. For con- 
venience, this right-hand order will be called 
the transmitted units order and the order to the 
right thereof and to which five is to be applied 
for rounding off purposes will be called for con- 
venience the sub-units order. The column shift 
amount determines or selects the transmitted 
units order and therefore selects the sub-units 15 
order. This follows from the fact that the last 
right-hand order to be discharged is the sub- 
units order and the discarding of this order is 
effected through the column shift means de- 
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to translate the binary decimal terms of the 
column shift amount into electrical representa- 
tions of the equivalent amount in a decimal no- 
tation. Assume for simplicity of explanation 
that the column shift amount is 21. Accordingly, 
the triggers CSTI and CST20 are reversed. With 
CSTI reversed, it applies increased potential to 
line cstfi connected to tubes G3, G2, Gi (Pig. 
65a), G9 and GIO (Fig. 65b). This eliminates 
the 0, 8, 6, 4 and 2 groups of units order column 
shift amount interpreting tubes from considera- 
tion in the application of the rounding off pulses. 
At this point it may be stated that there are 
ten interpreting groups of tubes, the groups be- 
ing designated UCSD, 1,2 . . . 9. These groups 
select, for receiving the five rounding off pulses, 
the PQ orders whose order numbers have, in 
the right-hand place, the interpreting group 
digit plus 5. For reasons now understood, the 
scribed in Section 12. Actually, rounding off of 20 interpreting group number is less by 5 than the 



10 



so 



a product result will be called for only in con- 
nection with a column shift to the right. The 
number of digits to be discarded is equal to the 
column shift amount to the right. This means, 
for example, that if the nine right-hand digits 25 
are to be discarded, the column shift amount will 
be 9. The sub-units order of PQ is the last one 
which is to have its result digit discarded by the 
column shift means. As indicated in Fig. 66A, 
PQ orders 1 to 5 are not connected to the Inter- 
nal Out bus columns and are not read out. In 
effect, therefore, PQ order 6 is the lowest units 
order which is read out. Thus, in relation to 
the Internal bus columns 2 to 29 and the 28- 
place result which may be applied thereto by 
PQ, orders 6 to 33 of PQ correspond to result 
places 1 to 28. Therefore, if one right hand 
place of the result is to be discarded by the de- 
nominational shift unit (Section 12) then order 
7 of PQ will be the one which carries the ulti- 
mate units order result digit and order 6 will be 
the sub-units order. In other words, to arrive 
at the PQ order number which carries the sub- 
units place digit of the result to be read out of 
the denominational shift amount, 5 must be 
added to the column shift amount. For in- 
stance, if the column shift amount is 13. then 
the sub-units order of PQ is order If?, and the 
transmitted units order is order 19. Clearly 
then, the column shift amount selects the sub- 
units order. The column shift amount is origi- 
nally represented in its binary decimal form. 
It was also explained in the description of the 
column shift means that the column shift 
amount was applied to lines MNI, 2, 4, 8, 10 and 
20 (Fig. 27a). These lines connect to corre- 
sponding lines MMN (Fig. -65a) in the control 
section for the multiplication means. Referring 
to Fig. 65a, the increased potentials selectively 
present on these lines, are applied to the sup- 
pressors of tubes CSAI, 2, 4, 8, 10 and 20. When 
the negative signal MC-RI is produced to cause 
the multiplicand factor to be read in, the signal 
also is applied to a tube 64, Fig. 65a. At this 
time, the control interlock line dSi is still at 
low potential and is cutting off G5a. When S4 
is cut off by the signal MC-RI the couple 84 — S4a 
is effective to make 63 conduct which in turn cuts 
off 53 to apply increased potential to the control 
grids of all the tubes CSAI, 2, 4, 8, !8 and 28. 
Those tubes which are conditioned according to 
the column shift amount by increased suppressor 
potential become conductive and reverse the re- 
lated triggers CSTI, 2, 4, 8, 10 and 23. These 



actual sub-units order of PQ. Thus, the group 
UCS0 will select those PQ orders whose order 
numbers have 5 as their right-hand digit; i, e., 
orders 5, 15 and 25. The group UCSI selects 
PQ orders 6, 16, and 26. The group UCS3 se- 
lects PQ orders 8, 18 and 28. The group UCS4 
selects PQ orders 9, 19 and 29, and so on. The 
selection by an interpreting group is effected by 
its conditioning the suppressors of tubes HCE 
(Fig. 64e) individually associated with the pos- 
sible sub-units orders selected by the group. 
One of the conditioned tubes will receive the five 
rounding off pulses and pass them to the entry 
means of the desired sub-units order. For ex- 
ample, if the column shift amount is 13, the se- 
lected sub-units order is 18. The interpreting 
group UCS3 will be rendered effective, in a 
manner described soon, to condition the three 
tubes HCE associated, respectively, with PQ 
orders 8, 18 and 28. Subsequently, five round- 
ing off pulses will be applied via line TCS 10 to 
tubes HCE associated with PQ orders 15 to 24. 
Of these tubes, only the tube HCE associated with 
order 18 has been conditioned and will pass the 
rounding off pulses to the entry means for the 
18th order of PQ. In this manner, when the 
column shift amount is 13, five rounding off 
pui=ps will he applied to PQ order 18. 

The effective output potential of the USC 
groups (Figs. 65a and b) is an increased poten- 
tial. If any tube in a group is rendered conduc- 
tive it prevents the group from producing effec- 
tive increased output potential. As already ex- 
plained, the triggers CST are reversed according 
to the binary decimal terms of the column shift 
amount. The triggers CSTI, 2, 4 and 8 will de- 
termine in accordance with their status which 
of the UCS groups is to be effective. For in- 
stance, if only the trigger CSTI (Fig. 65a) has 
been reversed, then only the group UCSI (Fig. 
65b) will produce effective output potential. The 
other groups will have one or more tubes which 
will be maintained conductive under control of 
one of the four triggers CSTI, 2, 4 and 8. Groups 
0, 2, 4, 6 and 8 will be made ineffective because 
reversed trigger CSTI places increased poten- 
tial on line est/ 1 which renders conductive G3 
in UCS0, G2 in DCS8, GI in UCS6, G9 in UCS4 
and GIO in UCS2. The group TJCS7 will be made 
70 ineffective because Gil will be maintained con- 
ductive by trigger CST2 in reset status and also 
because tube G27a will be maintained conduc- 
tive by the unreversed trigger CST4. Group 
UCS9 will remain ineffective because G35a is 
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triggers function through interpreting circuits 75 being held conductive by unreversed trigger 
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CST8. Group UCS3 will be Ineffective because of three groups of tubes HCE receives half cor- 
unreversed. trigger CST2 is holding GI8a conduc- rection pulses, such group being selected in ac- 
tive. On the other hand, the group UCS I will cordance with the tens order digit of the column 
be made effective because tube GlOa will be cut shift amount. Further, only one tube in the se- 
off by the decreased potential, on line cstn I, pro- 5 lected group will be conditioned depending on 
duced by reversed trigger CSTI. Tubes Gila, the units order digit of the column shift amount. 
G33o and G34a will be cut off by the unreversed It follows then that only that tube HCE which 
triggers CST2, 4 and 8 respectively. The in- is associated with the selected sub-units PQ 
creased potential produced by group UCS I on order will be conditioned and also receive the 
its output line ucsi will be applied to the sup- 10 half -correction pulses. This tube will produce 
pressors of tubes HCE associated with orders 6, negative pulses on its output line 2 1 5. This line, 
16 and 28 of 'PQ. As another example, if the as already explained, leads the pulses via a ca- 
units order of the column shift amount is 3, then pacitor to the entry tubes 2 1 6 and 2 1 7 (see Fig. 
triggers CSTI and CST2 will be reversed and 64ft) for the selected sub-units FQ order. In 
group UCS3 will be effective to condition tubes 15 this way the rounding off pulses are transmitted 
HCE of orders 8, 18 and 28 of FQ. to the selected sub-units PQ order. 

The binary terms representing the tens place As described, the rounding off A-phase pulses 
of the column shift amount will be translated are indirectly derived from DI8 (Fig. 65/) which 
into the selective conditioning of either of three applies a pulse to Dl I for each rounding off pulse, 
tubes G52, G5Q and G49 in Fig. 65b. If the 20 The first two pulses effect the turn and return 
tens place of the column shift amount is 0, it of Dll and a consequent reversal of DI2. The 
does not result in reversal of either CSTIO or third and fourth pulses effect a repeat action" 
CST20 (Fig. 65a) . If the tens digit of the column of Dl I and a return of DI2. Upon DI2 return- 
shift amount is 1, CSTIO will be reversed and if ing, it reverses DI3. The fifth pulse turns Dll. 
the tens order digit is 2, then CST20 will be re- 25 At this point, Dll is cutting off D20 and DI3 
versed. Assuming both of these triggers are in is cutting off D20a. D20 — D20a then conditions 
canceled state, they are applying cut-off poten- DI9 to become conductive in response to the 
tial, via lines est/10 and 20 to G43 and G5I (Fig. next B pulse and thereupon to return D26. With 
65b). Consequently, this couple is applying con- D26 returned, it renders D18 ineffective thus 
ditioning potential to G49. If CST 1 0 is reversed, 30 terminating the production of rounding off pulses, 
its output line cstniQ is cutting off G43a. At It is to be noted that upon D26 returning, it re- 
the same time the trigger CST20 will not be re- stored D50. It is clear now that the number of 
versed and will be cutting off GSIa. Accordingly, rounding off pulses is limited to five, 
couples G43a and GSIa will be applying condi- As understood, five rounding off pulses applied 
tioning potential to G50. Similarly, if CST20 35 to a sub-units order, if this order registers 5: 
has been reversed, it will be applying conditioning or higher, must produce a carry to the next 
potential directly to G52. It is clear that G49, higher order, which is to be the transmitted 
G50 and G52 are conditioned selectively accord- units order of PQ. This carry to the units order 
ing to whether the tens order digit of the col- is the rounding off entry. 

umn shift amount is 0, 1 or 2 respectively. 'i 0 During the entries of partial products into PQ, 

It has been explained that at completion of the carry control and carry operating pulses 

multiplication, the trigger D33 (Fig. 65/) is re- were produced under control of the primary 

stored. Upon its restoration, it reverses a trigger timer (Fig. 65ft) which is now out of operation. 

D50 unless G24 (.Fig. 65b) has been turned by a Accordingly, during half correction operation, 

half correction suppression signal. If G24 is 45 other means are provided to control the produc- 

tumed, line gi is at low potential and cutting off tion of these pulses. When D28 (Fig. 65/) is 

D29 (Fig. 65/) . The output of D29 not only in its reset status, it is maintaining C24 conduc- 

conditions D49 but also makes D36a conduct and tive. D26 was reversed to initiate the production 

block reversal of D50. If the HCS signal has of rounding off pulses and was restored to limit 

not been given, D36a remains at cut-off and 50 the rounding off pulses to five. Upon restoration 

allows D33, upon restoration, to turn D50. D50 of D2S, it renders C24 again conductive. Upon 

thereupon cuts off a tube D36. In the absence C24 becoming conductive, it reverses C3 which 

of a half correction suppression signal, and its then conditions C4 to produce negative A-phase 

resulting signal MHCS, tube D29 remains con- pulses in response to applied A pulses. The first 

ductive and cutting off D28. Hence, when D36 55 A-phase pulse from C4 turns CI 6. The second 

is cut off, the couple D28— D36 is effective to A-phase pulse from C4 returns C 1 6 which causes 

condition D2 7. The next B pulse makes D2 7 con- C8 to return and D8 and D2I to turn. D2I in 

duct and reverse a trigger D26. D26 then con- reversed condition renders D28 conductive, caus- 

ditions DI8 to respond to A pulses. The nega- ing D4 to be cut off and apply a positive pulse, 

tive A phase pulses produced by DI8 are applied go via connection di to JI9 (Fig. 65i) causing J23 

to a tube DI7 and also to a trigger Dl I which is to be cut off. Thereupon the output j"23 goes 

the first stage of a five-pulse counter. DI7 to increased potential with the same effect on 

which receives the negative A phase pulses pro- elements 65c (Fig. 64/) as previously described 

duces positive A phase pulses on its output line in connection with the carry means. When D8 

d\l. These pulses are applied via this line to 65 (Fig. 65/) is reversed, it acts through DI6 to 

tubes G49, G50 and G52 (Fig. 65b). The con- condition DI4. The next A pulse renders DI4 

ditioned one of these tubes responds and acts conductive to cut off D5. The increased poten- 

through a related tube to produce positive pulses tial on the output d5 is applied to J20 (Fig. 

on output line TCS units 10 or 20. The output 65i) with the result that J20 becomes conduc- 

line TCS units connect to control grids of the 70 tive and cuts off J24 to produce the carry oper- 

tubes HCE (Fig. 64e) associated with orders 5 ating pulse C-OP (see Fig. 64/). In the manner 

to 14 of PQ. The output TCS 10 goes to the tubes described before, this pulse causes the carry 

HCE associated with orders 15 to 24 of PQ and means to operate if carry is called for. As just 

the output line TSC20 goes to the tubes HCE described, DI4 (Fig. 65/) was conditioned by 

for orders 25 to 32 of PQ. In this manner one 75 reversal of D8 to become conductive in response 
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to an A pulse and cause the production of the 
carry operating pulse. Further, DI4 upon be- 
coming conductive, reverses Df. D7 then acts 
through D22 to condition D6. The next B pulse 
makes D6 conduct and turn D9 and return 
D8. With D9 reversed, it works through Dl to 
condition D3. The next A pulse renders D3 
conductive to restore DT and D2 1 , 

Upon the restoration of D2 1 , it applies a posi- 
tive going pulse by way of a capacitor to D34a. 
D34a becomes momentarily conductive and re- 
Verses "complete" trigger D42, As described be- 
fore, the effect of reversing D42 is to cause a 
complete signal R-CPLT (see Pig. 65fc) to be 
sent back to the sequence means. The sequence 
means in response, returns a result readout 
signal R.RO. The product is then read out in 
the manner described before. 

14b. Dividing means 

The dividing means uses much of the same 
structure as the multiplying means, as will be- 
come clear in the following description. The 
dividend, to a maximum of 14 places, will be 
entered from the Internal In bus columns 16 to 
29 into the PQ orders 5 to 18 (see Figs. 647i and j 
and 66A ) . The divisor will be entered in MC-DR, 
also from Internal In bus columns 16 to 29. In 
dividing, the starting column shift position will 
be column shift position 2, so that in this posi- 
tion the divisor will be routed to PQ orders 18 
to 31 (see Fig. 66 A) . 

The plan of dividing is similar to that em- 
ployed in application Serial No. 704,914 of Dick- 
inson et al., filed October 22, 1946. Briefly, in 
each column shift position the divisor will be sub- 
tracted one or more times from the dividend or 
divdend remainder. Subtraction is effected by 
addition of the tens complement of the divisor. 
In order to establish the proper number of 
places in the complement, 9 is entered in the 
PQ order to the left of the order associated, in 
the particular column shift position, with the 
14th order of MC-DR, such entry being con- 
trolled by a special circuit D-T/C (Fig. 64c). 
It is clear then that in each column shift posi- 
tion, a group of fifteen PQ orders will be se- 
lected to receive the complement of the divisor 
from the 14 orders of MC-DR and from a special 
true-complement control D-TC. If the divisor 
is smaller than the amount in PQ from which 
it is being subtracted, then the addition of the 
complement of the divisor to such an amount 
Will result in a carry to the PQ order which is 
at the left of the group Of 15 orders receiving 
the divisbr and the supplemental 9. In other 
words, a "go" condition is manifested by a carry 
entry to the order at the left of the group of 
orders of PQ receiving the complement in a 
column shift position. This carry entry is, in 
reality, a unit quotient entry into the PQ order 
which is serving as the quotient receiving order 
in the particular column shift position. On 
the other hand, a "no go" condition is mani- 
fested by failure of such carry entry. It is seen 
then that in each column shift position, a num- 
ber of carries, equal to the number Of units in 
the quotient digit, will be applied to a quotient 
receiving order to the left of the group of 15 
PQ Orders selected in the column shift position. 

Whenever a "ho go" condition is found, as 
determined by failure of carry into the quotient 
receiving order, in a column shift position, then 
the true value of the divisor is entered into the 
selected group of PQ orders, thereby canceling 
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the last complement entry and restoring the divi- 
dend or dividend remainder to its value prior to 
the detection of a "no go" condition. The column 
shift means is then advanced to its next position. 

5 There are special terminating controls for termi- 
nating the dividing operations and these controls 
will be explained at the proper times in the 
present section: 
During a run of sequence for the dividing cal- 

10 culation, the commutator DVC (Fig. 78D) is in 
Operation to produce control Signals for the di- 
viding calculation procedure (see Section 19). 
The first control signal produced by commuta- 
tor DVC is the negative presehse signal D-PRE. 

15 This signal cuts off H28 and H27a (Fig. 65e) . At 
this time the interlock tube H26 is still at cut- 
off, so that H27a — H26 becomes effective to make 
H25 conduct and tuni H29T. With H29T turned, 
it renders H30 noh^conductive and H3I conduc- 

20 tive. This is the reverse Of the conditions of 
the tubes H30 and H3I during the multiplying 
calculation. With H3I conductive, the "up multi- 
ply" bus my is down in potential. With H30 non- 
conductive, the "up divide" bus dv is up in poten- 

25 tial. The cutting off of H28 by the presense signal 
D-PRE has the same effect as when H28 is cut off 
by the presense signal M-PRE during the multi- 
plying calculation, so far as the operation of the 
cancel timing circuit and the MDC cancel circuit 

30 are concerned. Briefly, when H28 is cut off it 
makes HI 9 and H20 conduct. H20 cuts off H5 so 
as to release H 1 5 for reversal by now conductive 
HI 9. Upon reversal of HI 5 it works through 
H20a to reverse the cancel trigger HI 6 which 

35 causes the cancel circuit MDC to function for re- 
setting the triggers (except those in Figs. 65a and 
b) in the internal commutator of the MD unit. 
Reversed HI5 unblocks the cancel timing coun- 
ter for operation and acts through HIS to con- 

40 dition H9 for response to the A pulses. H9 pro- 
duces negative A-phase pulses for operating the 
cancel timing counter. The first two pulses 
turn and return HIO, causing HI I to turn. The 
third and fourth pulses again turn and return 

45 HIO causing HI I to return and thereupon to turn 
Hf2. Upon HI2 turning it restores the cancel 
trigger HI 6 terminating the operation of the 
MDC cancel circuit. The 5th and 6th pulses ap- 
plied to the cancel timing counter turn and re- 

50 turn HIO causing HI I to turn. At this point HI I 
and HI 2 are both in turned status and respec- 
tively cutting off HTo and H8o. Since the bus 
my- is how dowrt in potential it is cutting off H6ffi. 
The common anode line Dt of H7a, H8a and H6a 

53 thus rises in potential after the cancel circuit 
MDC has terminated its* operation. The rise 
in potential on Dfr is applied to E I 7 and El To 
(Fig. 65e), causing these tubes to become con- 
ductive and to turn triggers TERI and TER2 of 

#0 the tertiary timer. With TERI turned, the first 
column shift position is ineffective because the 
terminal CS I is down in potential. With TER2 
turned the 2nd column shift position is effec- 
tive because terminal CS2 is at increased poten- 

85 tial. it is therefore seen that durmg the divid- 
ing calculation the starting position for the 
Column shift means is position 2. 

To return to the operation of the cancel tim- 
ing counter, the 7th and 8th pulses turn and re- 

7o turn HTO causing HIT to restore and thereupon 
to reset HI 2. Upon HI 2 being reset it turns HI 4 
and H 14 thereupon renders HI 3a conductive to 
render H9 unresponsive to the applied A pulses 
so that the operation of the Cancel timing coun- 
ts is terminated. 
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in the manner to be described in Section 19, 
the divisor is applied to the Internal In bus col- 
umns 16 to 29 and its sign is applied to column 
1. The operational sign for the divisor is ap- 
plied to lines Is and 2s in Fig. 65?". Shortly 
thereafter, the commutator DVC (Fig. 78D) 
emits the second signal DRC. This signal goes 
to the same line in Fig. 64a as the signal MCC 
did during multiplication. The application of 
the signal DRC to this line results in the MC/DR 
cancel circuit resetting register MC-DR and the 
MC/DR sign mixing circuit (Fig. 65?) as ex- 
plained in Section 14a. 

The third signal from commutator DVC is the 
signal DR-RI, which occurs after termination of 
the cancel signal DRC. The signal DR-RI is ap- 
plied to the same line in Fig. 64a as the signal 
MC-RI was applied during multiplication and 
causes entry of the divisor into register MC-DR 
(Fig. 64b) in the manner described in Section 
14a. The signal DR-RI is also applied in Fig. 
65? to the same line as the signal MC-RI was ap- 
plied during multiplication and results in the en- 
try of the input sign and operational sign for 
the divisor into the MC/DR sign mixing circuit. 
Following the entry operations controlled by the 
signal DR-RI, the divisor, the divisor sign and 
operational sign are removed from the Internal 
bus-sets and from lines Is and 2s (Fig. 65?). 
Thereafter the dividend is applied to Internal bus 
columns 16 to 29, its sign is applied to Internal 
bus column 1, and its operational sign is applied 
to lines Is and 2s. 

Shortly thereafter the 4th signal DDC is pro- 
duced by commutator DVC (Fig. 78D) and is ap- 
plied to the same line as the signal FQC (Fig. 
65fc) was applied during multiplication and 
causes resetting of the register PQ (Fig. 64fc). 
With respect to the dividing calculation, the 
signal DDC, also cuts off 32, Fig. 65?'. During 
dividing, the line my is at reduced potential and 
cutting off 25 — 65?'. Hence, the couple 32 — 25 
renders 25a conductive so as to cut off the tube 
28, to the same effect as when this tube was cut 
off by the signal MPC during multiplication; i. e. 
to the effect of resetting the MP/DD sign mixing 
circuit. 

The fifth signal from commutator DVC (Fig. 
78D) is the signal DD-RI, which occurs after the 
termination of the cancel signal DDC. The 
signal DD-RI cuts off 30 — 65?', with the same ef- 
fect as when this tube was cut off by the entry 
signal MP-RI during the multiplying calcula- 
tion; i. e., with the effect of entering the number 
sign and the operational sign of the dividend in- 
to the MP/DD sign mixing circuit. 

As already explained, the dividend amount is 
present now on the Internal bus columns 16 to 29 
and is represented by increased potentials selec- 
tively applied to the buses of the Internal In bus 
columns. Reference to Fig. 66a indicates that the 
dividend will be applied by these bus columns to 
orders 5 to 18 of register PQ. Fig. 64?" shows, as 
typical, the dividend entry means for PQ orders 5 
and 18 which are respectively associated with the 
Internal In bus columns 29 and 16. The dividend 
entry means for each of orders 5 to 18 of PQ is 
similar to the entry means for. the registers 
MC-DR and MP. Briefly, the dividend entry 
means for a PQ order includes four tubes DDI8, 
40, 2 and 1 which have their suppressors con- 
nected to buses 8, 4, 2 and I respectively of the 
related Internal In bus column, The plates of 
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the tubes DDI8, 4, 2 and I are capacitatively cou- 
pled to the grids of tubes DDE8, 4, 2 and I, re- 
spectively. The outputs DDEP of the tubes DDE, 
associated with a PQ order are connected to the 

5 terminals gr of the triggers 8, 4, 2 and I in the 
PQ order, as shown for PQ order 18 in Fig. 647i. 
Accordingly, the triggers will be reversed upon the 
connected tubes DDE being cut off, in the man- 
ner explained for the tube E in Fig. 10. 

10 It is evident that at the time the signal DD-^RI 
is produced by the commutator DVC, the tubes 
DDI are already selectively conditioned in accord- 
ance with the dividend factor. The signal DD-RI 
cuts off 3, Fig. 64?'. At this time the interlock line 

15 cZ5 1 still is at reduced potential and cutting off 2, 
Fig. 64?'. Accordingly, the couple 2 — 3 is effective 
to render I conductive, causing 4 and 5, in paral- 
lel, to be cut off and to apply increased poten- 
tial to the control grids of all the tubes DDI. 

20 Those tubes DDI which have been conditioned in 
accordance with the dividend factor become con- 
ductive and cut off the associated tubes DDE. 
As a result the dividend factor is entered into PQ 
orders 5 to 18. 

25 The sixth signal from commutator DVC (Fig. 
78D) is the start signal DV-ST which occurs after 
termination of the dividend entry signal DD-RI. 
The signal DV-ST is applied to the tube D3la in 
Fig. 65/ to which tube the start signal MY-ST was 

30 applied during the multiplying calculation. As 
explained in Section 14a the start signal results 
in the reversal of D30 which causes reversal of 
D37 which in turn reverses D43. D43 cuts off 
D5I so that the interlock line d5l rises in poten- 

35 tial. Reversed D37 conditions D46. The next A 
pulse causes D46 to turn D45 which thereupon 
conditions D38 and D35. The next B pulse makes 
D38 conduct to reverse D37 which thereupon con- 
ditions D44 to respond to the next A pulse, so as 
to restore D45. The same B pulse which oper- 
ated D38 also operated D35 during the interval in 
which D45 was reversed and conditioned both 
these tubes D38 and D35. The operation of D35 
reverses the main start trigger D33. D33 now 

™ turned, renders D4I conductive to apply reduced 
potential to line d4l. As in multiplication, the 
reduced potential on d4 1 cuts off B43 (Fig. 65ff) . 
During multiplication the line dv was at low po- 
tential and cutting off B34, so that when B43 

50 was cut off, the tube B27 was conditioned to pro- 
duce A-phase pulses. B27 was therefore effec- 
tive to cause the production of the pulses MPR 
which were applied to the input tubes MP-EN 
(Fig. 64b) successively operable, in the sequential 
column shift positions, to invert the pulses MPR 
to rolling pulses for the related MP orders. Fur- 
ther, the pulses produced by B27 were effective 
to drive the secondary timer (Fig. 65g) . During 

6 0 the dividing calculation, the line dv is at high 
potential so that B34 is conductive and prevents 
the conditioning of B27. Hence rolling pulses 
will not be applied to the MP orders and the 
secondary timer also will remain idle during the 

05 dividing calculation. 

The reduced potential on the line di I , resulting 
from the turning of start trigger D33 (Fig. 65/) 
is effective also to cut off B5 1 (Fig. 65$r) . During 
multiplication the line my was at high potential 

70 and rendering B5la conductive so that the couple 
B5I — B5la was ineffective. During the dividing 
calculation the line my is at low potential and 
cutting off B5la. Accordingly, when B5I is cut 
off, upon the turning of the start trigger D33, the 

75 couple B5I — BSIa is effective to condition B50 to 
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respond to A pulses. BSO produces negative 
A-phase pulses which cause B4 1 to apply positive 
A-phase pulses to parallel tubes B25 and B33. 
These tubes, in turn apply negative A-phase pulses 
to the input line PRI for the primary timer (Fig. 
65ft) . It is seen therefore that during the divid- 
ing calculation, the primary timer is placed in 
operation upon the turning of the main start 
trigger resulting from the receipt of the start 



scribed in Section 14a during the primary cycle 
and briefly reviewed below. 

When A 1 8 become conductive at "0" it turned 
A-5 which conditioned A3 to pass B pulses. These 
pulses are inverted by A I to the positive MC-RB 
pulses (see Fig. 66). At the "10" time of the 
cycle A5 will be restored. Accordingly, ten pulses 
MC-RB will be produced beginning with "0.5." 
These pulses, as now understood, are applied to 



signal DV-ST by the internal commutator of the 10 the tubes 208 (Fig. 64c) . 



MD section. 

In multiplication the line my is at high poten- 
tial. A ccor dingly, J8, Fig. 65i, is conductive so 
that J4 is cut off and the line TR is at increased 



During the turned interval of PRO (Fig. 65ft) 
it conditions A 1 9 to become conductive in response 
to the next B pulse at 0.5 and thereupon to turn 
Al I and AI2. With the turning of All, AI8 is 



potential. With line TR at increased potential it 15 deconditioned. All, when turned, condition A 10 



should be noted that J3 is conductive and its 
output line COMP is at reduced potential. The 
line TR, when at increased potential, controls 
the true-complement means shown in Fig. 64c 



to be made conductive by the next A pulse at 
"1." AIO thereupon applies a pulse by way of a 
capacitor to A9 which produces a positive "1" 
pulse. This pulse is applied to the tubes 225 



for causing transfer of the true number in MC-DR 20 associated with orders 2 to 14 of MC-DR and also 



to PQ. As explained in Section 14a on multipli- 
cation, the line TR when at high potential con- 
ditions the tubes 2 1 1 and 220 in Fig. 64c. With the 
tube 2 1 1 conditioned the carry-out pulse from 
the related order of MC-DR is effective to ren- 
der 2 1 1 conductive and thereby to turn the asso- 
ciated true-complement trigger TC. This per- 
mits the tube 208 to pass through a number of 
pulses MC-RB equal to the true value of the digit 



to the tube 225 associated with the special true- 
complement trigger D-T/C. Since these tubes 
225 are now conditioned by the increased poten- 
tial on line COMP, they become conductive and 
25 act through the anode resistors of the related 
tubes 2 1 1 to turn the triggers TC (of orders 2 to 
14) and the trigger D-T/C. As is now under- 
stood the first order trigger TC is turned at "0" 
while the other order triggers and the special 



standing in the MC-DR order. Further, with 3 0 trigger are turned at "1." Accordingly, the first 



line TR at high potential and conditioning tubes 
220, a pulse at "10.5" of the primary cycle is 
effective to render the tubes 220 conductive so 
as to restore all the triggers TC. In the dividing 
calculation, the line my is at reduced potential. 
Accordingly, J8, Fig. 65i, is at cut-off. Initially, 
and whenever trigger J7 is in the shown status, 
it is cutting off J8a. Accordingly, with J8 also 
at cut-off, the couple J8 — J8a is effective to ren 



order tube 208 will start passing the MC-RB 
pulses at "0.5" while the other tubes 208 will 
start passing these pulses at "1.5." A maximum 
of ten pulses may thus be passed through by the 
35 first order trigger 208 while a maximum of nine 
pulses may be passed through by each of the other 
tubes 208. 

It has been explained that trigger AI2 (Fig. 
65ft) was turned at "0.5." With A12 turned, it 



der J 4 conductive. Consequently, the line TR is 40 conditions AI3 to pass A pulses to A! 4 which pro 



at reduced potential while the line COMP is at 
increased potential. With the line TR at re- 
duced potential, the true number transfer from 
MC-DR to PQ cannot take place. With the line 



duces the positive pulses MC-RA. The trigger 
AI2 will be returned at "10.5." Hence, ten pulses 
MC-RA will be produced starting with "1." As 
previously explained in Section 14a these pulses 



COMP at increased potential, it is conditioning 45 are applied to tubes 209 for causing these tubes to 



the true-complement means in Fig. 64c to allow 
a complement transfer from MC-DR to PQ to 
be effected. As indicated in Fig. 64e, when line 
COMP is at increased potential it is conditioning 



apply rolling pulses to the orders of MC-DR. In 
response to these pulses, each order of MC-DR 
will produce a carry out pulse at a time of the 
cycle which corresponds to the tens complement 



the tubes 212 and 225 which control triggers TC 50 of the digit initially standing in the order. The 



relating to orders 1 to 14 of MC-DR. Also, line 
COMP is conditioning tubes 225 and 2 2 0B which 
control the additional trigger D-T/C. This is the 
situation prior to the beginning of the first pri- 
mary cycle which is initiated, in the manner ex- 
plained before, as a result of the start signal 
DV-ST. At "0" of the primary cycle, in response 
to the first input pulse on the line PRI (Fig. 
65ft), the primary stage PRI3 is reversed and 
upon its reversal, turns stage PRO. Upon PRO 
turning, it applies a positive pulse to the control 
grid of AI8 which at this time is conditioned 
under control of trigger All. Accordingly, A18 



carry-out pulse is transmitted by the output line 

210 of the order to the control grids of the tubes 

211 and 212 for the same order. Since, at this 
time, the tubes 212 of all the orders are condi- 

65 tioned, such tube, upon receiving the positive 
pulse on line 210 will become conductive and 
restore the trigger TC. This terminates the con- 
ditioning of the related tube 208 so as to cease 
passing the pulses MC-RB. In this manner, a 
number of pulses will be passed by the first order 
208 equal to the tens complement of the digit 
standing in the first order MC-DR, while the 
other order tubes 208 will pass through numbers 
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becomes conductive at "0" and through a coupling es of pulses MC-RB equivalent to the nines com- 
capacitor applies a negative pulse to A 17 which plements of the digits standing in these other 
in response produces a positive "0" pulse on line orders. It should be noted that with respect to 
a 1 7. This pulse is applied to the conditioned tube the special trigger D-T/C it remains reversed 
225 associated with the first order of MC-DR (see until "10.5" of the cycle at which time a pulse is 
Figs. 64b and c) . This first order tube 225 be- 70 applied to the tube 220B which is conditioned by 
comes conductive and acts through the anode re- the increased potential on line COMP and causes 
sistor of 2 1 1 to turn the first order true-comple- the tube to become conductive and reset the trig- 
ment trigger TC. As a result the related tube ger D-T/C. In the interval in which this trigger 
208 is conditioned at "0" to pass the pulses is reversed, its related tube 208 passes nine pulses. 
MC-RB which are produced in the manner de- 76 Thft putees passed through by the tubes 208 are 
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Inverted by 213 to positive pulses on the lines CI 
to C IS to be applied to the rows of tubes CIT to 
CI5T. As explained in Section 14a successive 
tubes of each of these sets of tubes are conditioned 
in the sequential column shift positions. In the 
starting column shift position 2 for the dividing 
calculation, the tubes CIT-2 to CI5T-2 are con- 
ditioned (see Pig. 66A). These tubes will cause 
the entry of the complement of the divisor, as 



orders 32 to 4 of PQ are successively conditioned 
in column shift positions 2 to 30. In starting 
column shift position 2 for division, the tube 
230 associated with PQ order 32 is thus con- 
ditioned by connection of its suppressor to the 
terminal CS2. Assuming that there is a "go" 
condition in column shift position 2, the carry 
trigger K32 will be reversed sometime before "10" 
of the cycle and thereby will apply increased 



represented by the pulses applied to these tubes, 10 potential, via line kf, to the control grid of the 
to be entered in PQ orders 18 to 32. 

As was previously explained, when the divisor 
is smaller than the dividend now present in PQ 
orders 5 to 18, the addition of the tens comple- 
ment of the divisor to the dividend results in a 15 
carry, corresponding to a unit of the quotient, 
from the highest order of the group of 15 in PQ 
receiving the divisor complement in the column 
shift position, to the quotient receiving order at 



tube 230 — 32, now conditioned. As previously 
described in Section 14a the triggers K are not 
restored until "13" of the cycle. Hence, the 
tube 230 — 32 will remain conductive until "13" 
and the common output line, ?'I3 of the tubes 
230 will be at decreased potential. Referring 
to Pig. 65i with line j'13 at decreased potential, 
it is cutting off J 1 3. Therefore, JI3 is apply- 
ing conditioning potential to JIT. At the "12" 



the left. Thus, in column shift position 2, the 20 time of the cycle a pulse appears on a55 in 



selected group of PQ orders is the group of orders 
18 to 32 and the quotient order is the 33rd order 
of PQ. 

The carry operations will take place in the 
manner explained before in Section 14a. 

In each column shift position as many cycles 
of complement entries of the divisor into the 
group of 15 selected PQ orders will take place 
as the number of times the divisor goes into 



order to cause the carry pulse C-OP to be 
produced as previously described. This "12" 
pulse is also applied via a capacitor to JIT and 
if the latter has been conditioned in the man- 
25 ner just described, it becomes conductive and 
restores J 1 4. Accordingly, JT will not be re- 
versed at the "13" time. 

Assuming that there is a "no go" condition, 
say in column shift position 2, then trigger 



the dividend or dividend remainder. For each 30 K32 (Pig. 64s) will not be reversed and will 



"go" condition, a carry entry will be made to 
the PQ order to the left of the group of 15 
receiving the divisor complement, and the total 
of these carry entries will make up the quotient 



not render now-conditioned tube 230 — 32 (Pig. 
64/) conductive. Accordingly, JI3 (Pig. 65i) 
will be maintained at effective control grid po- 
tential. The suppressor of JI3 is at increased 



digit obtained in the column shift position. As 35 potential under control of the line COMP : 



long as "go" conditions are present in a column 
shift position, the highest order of the group 
of 15 orders of PQ receiving the divisor com- 
plement will produce a carry pulse as now under- 



during a cycle in which a complement entry is 
being effected into PQ. Thus, in the absence 
of a carry from the highest order of the group 
of fifteen selected in a column shift position. 



stood. This pulse occurs at the "12" time in 40 J'3 will be conductive and will decondition JIT 



response to the carry operating pulse C-OP 
which is produced in the manner explained in 
Section 14a. Briefly, the pulse C-OP is pro- 
duced in response to a "12" pulse appearing 
on the line a55 (see Figs. 657t and 65i). The 45 
pulse on line aS5 renders J20a conductive causing 
J24 to be cut off and produce the pulse C-OP. 

It is clear that the digit entries are completed 
before "10" of the cycle. At the "10" time 
of the cycle a "10" pulse is derived from AI6 50 
(Fig 65h) and transmitted via line a 1 6 to J9 (Fig. 
65i) rendering the latter conductive so as to 
reverse a trigger J 14. If a carry out from the 
highest order of the group of 15 in PQ receiving 
the divisor in a column shift position occurs, 55 
then JI4 will be returned and will not cause a 
shift from complement to true transfer opera- 
tions in the next primary cycle, but if a carry 
out is not produced from said highest order of 
the group of 15, J 1 4 will remain in reversed status eo 
and will condition JI0 to respond to a "13" 
pulse on the line a50. This pulse is produced 
on line a50 in the manner described in Section 
14a and upon its application to conditioned 
JI0 causes JI0 to conduct and reverse JT. The 65 
effect of the reversal of JT will be explained 
soon. To provide for the control of JI4 in ac- 
cordance with the carry out condition from 
the highest order of the group of 15 receiving 



so that it will not respond to the "12" pulse 
on line a55. Accordingly, JI4 will remain in 
the reversed condition in which it has been put 
by the "10" pulse on line a 1 6. With JI4 in 
reversed status it enables JIO to be rendered 
conductive by the "13" pulse on line a50 and 
thereupon to reverse JT. Upon reversal of JT 
it applies a positive pulse by way of a capacitor 
to the tube J2 causing the latter to produce a 
negative pulse on line j'2. This negative pulse 
is applied via a capacitor to the control grid 
of C2T (Pig. 65e). C2T is conditioned during 
dividing by increased potential on its suppressor 
which is connected to the "up divide" line. 
However, C2T is cut off by the negative bias on 
its control grid, and the negative pulse from line 
?"2, therefore, has no effect. 

When JT (Pig. 65i) is turned, as previously 
described, it also makes J8a conductive, causing 
J4 to be cut off which in turn renders J3 con- 
ductive. Accordingly, the line TR is increased 
in potential while the line COMP is dropped in 
potential. This is the condition for a true 
number transfer from MC-DR to PQ and such 
true number transfer will occur in the next pri- 
mary cycle and will cancel the last complement 
entry of the divisor into the selected group 
of 15 PQ orders in the column shift position. 
Further, when J7 is reversed, it applies in- 



a divisor complement in a column shift position, 70 creased potential to the control grid of J6. Dur- 



the following means are used. Referring to Fig. 
64/ there are a plurality of tubes 230, one for 
each order of PQ. These tubes are successively 
conditioned in the sequential column shift po- 



ing the dividing calculation the suppressor of J6 
is held at increased potential by the "up divide" 
line. Accordingly, when J6 has increased con- 
trol grid potential applied thereto, it becomes 



sitions; that is, the tubes 230 associated with 75 conductive and cuts off J I so that the output j I is 
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brtashtito ^inereased-'-i-potenttal-.: Referring to- 
Fit* 64fritheiSoutputi j I connects to .the control 
grids of. tubes iStlitof-: which thereto- one- for each: 
PQ'«r<terc except the: 33fd. 3order4.' Tlife tubes 'lS ts 
related to the PQ orders; 1 mi:deseending4sucees*' 
sion> -are conditioned : sequentially in :4he;;sucoeB-S' 
siwcolunin shift positionsmthe sani&Tmannenas;: 
explained.- for thee: tubes :13ft;s~: Thusw ins column 
shttfclJOSlttori- 2, :tha.tutoe*i23U^2els^ontUticaiea 
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produce* -in-:&s many- successive higher quotient- 
orders^ as stood at 8. It. is .for this reason- that-,-, 
durings tb9itKv&)to(M$9sd^ 

lihe?a , S2.'noteonlyjS connected ;to tube *33 to :causew 
tubers* to blbckyrevers&l'Of Athe J trigger -sK abf-* 
the 'highest order group of 15, biifeto -also? eon-ifi 
neete^T.ta^.th© : suppi:essdr;;of 65* ;assfletoted- ; -with> 
toto'iiighesfo order. •' - TMs >tubelfi 5ii«therefdre Is v 
heJdiat cutoff to iprevefit its pulsing!itube 'fl5& iof >v 



asasreJliasithe tube.'230~*23& j Hence; if In:.colunn*x| 0 gthefqiifettentrordeB. Kin* other "wordsi? if it should;; 



position 2, a "no: go"- Condition is found, so that 
in thennanner described, toe -output I . is at in- 
creasSBd^potentiai;:; the conditioned! rtube>;23;tH*6 i 
wilkbei rendered: conductive "andicitsCQutp'uti:232; 
wiBi^e' at -decreased, pcrtenttaL' ; As -a resultMthe£ 
tubfiD S5d5a (Figr-fi64SO :.bf :the : : ass0Biated.!:order-S32' 
wilt be tout 'off - for: a :reason-*'*hich: -wflli'besexsi 
plained below.- '•: AlsOi the ideereased: potential on 
lineta32-;*utsioffiiia tube f23i^;renderingi the tube 



happen that 'the quotient receiving, orderl'abflivd' 
saiamhighest- ■ or der - in the selected ^graup:i0f<? 15 s 
is st 9vduringrtoet true add cycled thm^ 
threu^h 1 *!-©- to- th'isu;qU6tierit oi'der ' will not be- 
.effected;: . Thiswprevents^an^dnoorrect ^quotient:? 
f roini being ■SfegistePedUV;. 

Afe'/'lSSibf 'the.'trueaddrcyciev a positive' pulse* 
again appears on line »58 and- is applied via a 
capacitor; to- the contrdl grid' of (J11> (Figu;"65i)*;: 



234 conductive to: black: to&^^^ remainsSat 'high; 



latsai;*rigger:;K32- 

TBeveonditions-have now been "Set. up fora true:! 
numtoeutransfervof the divisor ffrom M(>-DR.into 
PQ-' during, themextpriisiary cycle. The: addition <: 
of "the 'true - divisor to the amount now in PQ 
necessa&lywillresultiina earry.from the highest 
prd«»«ofi*hei group70f;:15. selected in itheCaluaui': 
shttCll»OBltion;£unless provision were mad* to SUP-:; 
pre»vSuehi caray." .'-.It. to evident that if a carry?' 
weretpefraittedito^occuTvat Would :add a unit' to; 
the* -quotient aigfS* and-thiS-iS -only desired as:a 
result of a Sgo'.':: condition which -is not-toe 'case 
whe'ti»:;*hei'true'idivisor:is entered into PQ.<-; The^ 
caruy: 'from tthe highest order -of the selected^ 
group- of 45:4s suppre^sed-becausfe -tAibe/ 
64ff>: related' to -this -order is .being kept-conduct 
tivevondeB 'control bf-a tube"23l ■■• ; (Fig: 64/>; as 
explained before. Since 234- remains conductive;- 
it blocks .reversal- of :-K . ':(Fig.--640) J controlled ■ by a 
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potential and 'does^not? manifesto a earryt-f rbm»a 
the:' highest' :ordei? :ofj": the rsefecteti- grbup;.of ol5j " 
duffel* toe!true add(i^ej .toe tube *l 3 s(Fig:«5»- 
is at cutoff v :becauses-the"connected line COMP ;r 
is now at* low potentiate ; Accordinglyy J 1 3 is •rion»ft • 
coatoettm and conditioning; JIT at the time that >• 
the'!"12'.' putoe- is ■appl!i«d t -toereto;;-^Hen"ce,':JI7C^ 
becomes -Cond(Octive:anatreturnst'J l4!wMehf.wa*i"j* 
reversed - as :a result of -a "no g&" ; conaMonv'de4^' 
tected '-during the - complement add cycle - pre-' 5 ' 
ceding a true add-icyclsiU SinCB^JU'to-no^re*'"!* 
turned,; ;it 'is ideconditioning! JIO andtvfesteBd'iis *> 
conditioning" ;J 1 1. Theref ore;i'5thei("13">ipulse.>.ortas 
lineraSO is effective to f render Jl I ■ conductive* so' 
:as ito "restore tftv i UpoHrestoratlontbfiJl .;it< outsit 
off.>tf8a/.so':that'tf8-^6(r-to then eBectinfewi&iSAd^ 
to return :the Sine'fTR- to -reduced ^fpc*entiatJan«ls;) 
the*-iinfiV€;©MP- to ' increased potential. ',:• This' is il 
the-«on€tttioi»;for a complement entry *Wrnch<?wift >i? 



this-- hignesteorder.-:: In: -the ^explanation of Cthet:i| () ., l be- effected 'in the; nextJc'ycle. Fiirther iwith SIT 



carBy:'means,iit was pointed-out- that if an brdeci ; 
stood at 8 and- a preceding order went fromvfl to: 
0 during : the entry period of a cycle,: theh' the" 
group of tubes :85i- 65ai 65b and 65c (Fig. 64/) 
associated with, the order" at 9 would-be -effective" 



retuened^it fe QeflointtfcM>n-1tigiijr8"soi<hat Jtheiiline^* 
jl will not be at;higftr:potehtiai ; and carryisup-!!' 
pressiorj! wilt -not occur 'jdurmg! *thet ensuing comsi!'' 
plamenfriadd cycles Still further, - Upbnt.thei're-R 
turn of >J7, it: applies. a negative pulse to J2 which 



toiapplj6iincreased;potential -to-the' control sri* * 5 'in turnisends- out a positive -puiSe'< along; liniei^i 



of<a «BlB*ed'-tubBiesai<Flg';«4jr) psothat thfrlatter-; 
woaldiproduce a negative pulse reversing triggee*. 
K tSf the higher :order; - This: same negative pulse) : 
also is applied to the tube «5&-of the still -higheec 



to the' tube G2*V.<FW 65fe> i This tube; being-, ohly^' 
conditioned duririg dividifig, becomes conductive -if 
anflfdutsi'off G22 ?so 8s; tb cause C2 1 and C25 Uo*--- 
produte a negative pulse CSS oinPthe" .li^ttt J.aifeSi? 



orderf arid-cuts: off. this - tube; : Sh^M f this shif t) time*; 'thereby 



ad*ancing?!the.icoIumn- shift ^meanaatoUts'next* 
posittenv-'iAccor4fngty Y cduring*^ 
lowing by ele orr«iy6ta»^tb%;tfliviso'it.>'«Ul tbe^ini^ 
f erredwto « grOUp-of '15 PQ'orders to the right of 



ordet also be at 9, its trigger K 'would- toe; *e- 
verasdj - ! Duiingi a -cycle: , ;fn v which " Jtrar&ferr to? 
bell»■•«f^t^'•oI.•a^tlrai8iiltt'«^r^•'^;•^«•fMafr'^3ao 
associatedi Witti -toe- highests order* of :the>--grou|»:i 

of 15 receiving the divisor is at low pote*iti«I;;asJi§ 5 the fgroup- of ^15 orders i-selected iinitheiprecedlnSFtS 
praviouslyi described- and effective :*ia ttltism 234 column shilti posittonv-p- 

to prevent ! :reversal of the related carry trig^egKS It-jshoUldt^be Jtabtedn that ■ each time a pulse W 
Th<fti':bf itself,- wottld hotiBe'.-enbugh;:toJpreventxH CSS^to .prbduceidwasi'a *esult)'of-oc2 f |ftandiiC25>? 
a earry'entry into the quotient order ,:if theriatteriis being made conductive-* by ;C22 betag fcut ;off;;i r 
stood at - 9. The highest order of the: selected - S« ' a tube; C26. also to made conductive to produce - 
group of 15 = would --inevitably pass' thr6ugft--S9 a a negative pulse* HCJCTR lor ,-fa reasonf-wMeh-* 
during 'the true* add - cycle'. If a preeeding order 
goes *rdtnr 9 to ! 0 'atv^t>i^e'"or'prloV< , tliir«6e^ 
in recycle;; then thfetUbes 65,(65a>*5b:aMdS5cof 



will be made clear later. 

y^tmoMMreitibitt\tfaaMim 19 to reached, *hi 
a^vlsbKientryrwilir be^n^'^td-'i^'tiirdl^^ to ; 



saW'highest brder' would, ^unless prevented ""re«N^ 5 ^153*see .Fig.t;66A5 . ? InJ-the^hekt %okmM'%h»t 



position' 20/ the: aivisbr; r wiiy 'be ' a ent*red !i in pq 
orders-l to-"14 s so s th£t-the H units 'order digit Of ' 
the- divlsdr' ' Will be 1 lost: •' This 1 'makes' -no* lap's • 



de*i'tube*'65tf"-of this order conductive." i Altobugh- 
this would riot reverse the trigger- K "61 thto high^ 
est order, which trigger now is blocked' 'toy' 'the'" 
conductive tube 234; the tube 65b of the quotient 70 'rpreeiabld ; 'differe^^ 
order tthe' order -above the- selected group'; Of "Kf" sunf' : because? f at i '-bes1?" only 1 'a ig-piatfe quotient"': 
would be cut off. If "the quotient - order stood at " ' will eventually' be sent tb a receivihg unlt, namery" 
9,'theh-lts 'trigger K wbuld be reversed =Sn* ,; ttt# v t arr'elec^ornc v stbi^ge , 'unfe.' i Since the maximum " 
nefeffect- would be to effect a carry entry Into •* siz» : :"-&frthe"*diVidend'fs T4"pia;cesr"lt is evidetit' '* 
the" quotient brder. '•' This" same effect -Wllld 't^ff^ah^'^^wHywf'^ffHmy or 'p'iacfes'lfi thg -mi*' 
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tegral portion of a quotient is 14. The integral 
14-place portion of the quotient will stand in 
PQ orders 20 to 33. During the entry of a 
quotient digit into PQ order 20, the column 
shift means will be in position 15. It follows g 
that the quotient digits obtained in the lower 
PQ orders will be the digits of a decimal frac- 
tion. In column shift position 20, the quotient 
receiving order is order 15, which means that 
the quotient digit in order 15 is of magnitude io 
fclO- 8 . Thus, any possible error resulting from 
the dropping of the units order of the divisor 
from consideration in the dividing operation in 
column shift position 20 will make no appreci- 
able difference in the ultimate quotient result, is 
It is clear further that in column shift position 
21, the units and tens places of the divisor will 
be dropped from consideration in the dividing 
operation and so on for the successive column 
shift positions, as far as column shift position 20 
30. where only the four highest orders of the 
divisor will be used in the dividing calculation 
However, to minimize the error, no matter how 
inappreciable, in dropping the lower places of 
the divisor during the successive column shift 25 
positions starting from column shift position 
20, the tens complement of the remaining por- 
tions of the divisor are entered during the com- 
plement add cycles. As long as the units digit 
of the divisor is being transferred to a PQ order, 30 
the tens complement of the divisor is taken care 
of by reversing the trigger TC (Pig. 64c) as- 
sociated with the first order of MC-DR, at the 
"0" time of the complement add cycle. After 
the units place of the divisor is dropped from 35 
consideration in the dividing operations, the 
tens complement of the remaining portion of 
the divisor is taken care of by an elusive one 
circuit. Referring to Fig. 64e, when column 
shift position 20 is reached, the increased po- 40 
tential on column shift line CS20 is effective 
to render a tube 240 conductive thereby re- 
versing a trigger 241. This trigger will remain 
in reversed status until reset under control of 
the cancel circuit MDC (Fig. 65e) at the be- 4 - 
ginning of the next multiplying or dividing cal- 
culation. With trigger 241 (Fig. 64e) reversed, 
it is cutting off 242. During the complement 
add cycles, the line TR is at reduced potential, 



as now understood. This line has a connection 
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to the tube 243 and cuts it off. The couple 
242 — 243 is therefore effective to condition 244 
during complement cycles, occurring in the 20th 
and further column shift positions. With 244 
conditioned it is responsive to a "0" pulse on 55 
line oil and becomes conductive so as to apply 
a negative pulse to the first order line 215 — I. 
This line carries the negative pulse to the tube 
216 (Fig. 64ft) associated with the first PQ order, 
causing the latter to be cut off. As a result the 60 
related tube 2IT becomes conductive and applies 
the elusive one entry pulse to the first order of 
the PQ register. 

The sign mixing operations for the dividing 
calculation are the same as for the multiplying 65 
calculation and need not be described. The 
termination of the dividing calculation is under 
control of a column shift number registering 
counter DCS (Fig. 65a). The control varies 
according to whether or not half correction is 70 
called for. Termination of the dividing calcu- 
lation also may be effected under control of a 
so-called disappearing divisor detecting means. 
When the divisor has been shifted so far to the 
right that the portion thereof which is entering 75 



into PQ orders is zero, successive carries will 
be effected to the quotient receiving order in 
the particular column shift position and a "no 
carry" condition will not be reached. In other 
words, if the divisor is 0 its tens complement will 
be entered and will produce a carry into the 
quotient receiving order. Actually, this will be 
produced in the following manner. Ten pulses 
will be applied to the first order of PQ and nine 
pulses will be applied to the orders to the left 
of the first order. Since the first order goes 
through a value cycle, in response to the ten ap- 
plied pulses, carries will be effected to the suc- 
ceeding higher orders and each of these will be 
advanced to 0, with the result that the highest 
order of the group of selected orders in the col- 
umn shift position will go from 9 to 0 and pro- 
duce a carry into the quotient receiving order. 
If this occurs 13 times in succession, i. e. dur- 
ing 13 successive complement add cycles in a 
column shift position, then it is a manifestation 
of a disappearing divisor. In order to count 
the number of complement add cycles occurring 
in a column shift position, a counter shown in 
Fig. 65e is used. During the complement add 
cycle the line COMP is at high potential and 
renders C2 Fig. 65e, conductive thereby cutting 
off C6, C6a, CT and Cla so as to release triggers 
C9, CIO, CI I and CI 2 of the counter for oper- 
ation. The increased potential on line COMP 
is also effective to condition the entry tube Cl5b. 
At the "10" point of each cycle a pulse is ap- 
plied to conditioned CI 5b to cause it to apply 
an entry pulse to C9. In the now familiar man- 
ner every two entry pulses will turn and return 
C9 causing it to reverse CIO. Every two re- 
versals of CIO will reverse CI I while every two 
reversals of CI I will reverse CI 2. When 12 
entry pulses have been applied to C9, then CI I 
and CI 2 will be in reversed condition while C9 
and CIO will be in cancelled condition. With 
CI2 and CM reversed, they are cutting off CI 5 
and CI 5a respectively so as to cause CI 5 — CI 5a 
to condition CI 4. Upon the reversal of C9 in 
response to the 13th entry pulse, it applies a 
positive pulse via a capacitor to CI 4 causing it 
to become conductive and thereby to apply a 
negative pulse by way of the anode resistor of 
CI9 to line cl9. This pulse is effective to re- 
store the main start trigger D33 with the effect 
of terminating the calculation if half correction 
is not called for. If half correction is called 
for, the return of D33 conditions the MD section 
for terminating the calculation after the half 
correction has been made, all as explained in 
Section 14a. 

In section 14a, the entry of the denomina- 
tional shift number from lines MMN (Fig. 65a) 
into the triggers CST was explained. The same 
entry occurs during the dividing calculation but, 
in addition, the denominational shift number 
is also entered into a counter DCS. If half 
correction is not called for then the number of 
steps of dividing column shift will be equal to 
28 minus the denominational shift number in the 
counter DCS. If half correction is called for 
then the number of steps of dividing column 
shift will be one greater than when half correc- 
tion is suppressed. 

The denominational shift number is repre- 
sented by increased potentials selectively present 
on the lines MMN (Fig. 65a). In addition to 
the increased potentials on the lines MMN I, 2, 
4, 8, 10 and 20 selectively conditioning the tubes 
CSA, they also condition tubes CSDI, 2. 4, 8, 10 
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an#HM, .respwtt'PWy. Wnete>.Ur#t.divJser^*ntt>$r 
signal DR-RI is produced by the control com-* 
mutator OVC (Pig. ;78D) , It is applied in Fig. 
65o':to the same line as' the -signal MC-RI" was 
applied 'during multiplication/ The 1 signal DR-RI 
causes 'the tubes 64; 64iB; i SJland 53 in -Pig. 65& 
to "prodace a positive 1 pulse -'for operating the 
conditioned ones of the tubesCSAnndCSD; The 
tubeo'-CSA control the entry of the dehomina- 
tiontti shift number into the triggers "CS'F to' 
select- the PQ order to receive the half correc- 
tion"pulses. as described in Section 14a: The 
tuBeir'CSDf; 2, : V8, 10 and 10 respectively con- 
trcrstages 1 I, 2, '4, 8. 10 and 20 of the counter 
DCSsr.'* This counter f incrudes,^as- its first order, 
a decade counter which is constructed as a regi 
IsteYdevice -(see Section 3 and Pigs.' 15 and ' isl- 
and* also" includes as its higher'order, two' ad- 
ditional- stages \ 0 and' 20: • Upon a tube" CSD be- 
coming conductive it reverses the corresponding- 
ly numbered stageof the counter 'DCS, so'that 
thig'counter -stores • the - denominational shift 
number taken from main "sequence. 

It was mentioned before that each time a pulse 
CSS-ls applied to the" input line ter of the ter- 
tiary-timer to advance the dividinr column shift 
posittorfby 1, the tub e C26 (Fig. 65e) produces 
a negative pulse HC.CTR. This pulse is ap- 
plied Via lirie*c2»to the input of the counter DCS 
(Flt?65H) advancing it by one count step, since 
the counter. has been set with a count equal to 
the'number of -denominational shift steps to be 
effected by the -denominational shift unit (Sec- 
tion; 12) ,' each of the input pulses increases this 
count by one: When the total count is 28, the 
stages 1 and" 20 are reversed status. Stage 8 
then' acts to apply cut-off potential by way of 
a connection 848a to a tube G48a in Fig. G56. 
When stage 28 Of the counter is reversed, it 
applies cut-off potential via a connection 2048 
to the tube G48 in Fig. 65br Thus, when the 
count fn DCS is 28, both tubes G4 8 and G48a 
are at cut-Off. If half correction is being sup- 
pressed, then a signal HCS nas been received 
prior to the start of the dividing calculation, by 
the tube G40." At this time the interlock line 
dSC is still at Cutniff potential. Accordingly, 
G40— G40a become effective upon receipt of the 
suppression signal HCS to render G32 conduc- 
tive.'fof reversing trigger G24. With G24 rev- 
ersed, it cuts off GI6. Hence, when G48 and 
G48a are also cut off the common, anode line 
of the latter two tubes and Gl 6 rises in po- 
tential and the rise in potential is supplied by 
way. of a connection. c20 to the control grid of 
the tube C20 (Fig. 65e) . This tube is continuous- 
ly conditioned during the dividing , calculation 
because its' suppressor is connected to the "up 
divide" line and when- the tube C20 receives in- 
created potential on its control grid, it becomes 
conductive and applies a negative impulse by way 
of the anode resistor of tube C 1 8 ; to the line 
c 1 9i Accordingly, the main start trigger D3 3 
(Fig. 65/> is restored. The restoration of this 
trigger brings about the termination of thfe.di- 65 
viding calculation in the same way as explained 
in Section 14a for. the multiplying calculation," 
when: half correction is suppressed. It is evi- 
dent from the foregoing explanation that when 
the -number of steps of dividing column shift 
plus the denominational shift number in the 
counter DCS (Fig. 65a) equal 28; the dividing 
calculation will be* terminated provided half cor- 
rection is being suppressed: If ha& correction is 
nofcisuppressed; thewrthe trigger G24 ' (Fig. 65* i ) 
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- remains iin ttdtnancalltti^Btatus Jand : does not exit: 
off Gtfii ^Ea^ch time stage'i of th«-connterDCS'; .- 
(Figj 65aV- is reversed^4t applies«ufciofir;potential.i 
by way of a connection i 18 tot the tubenGfB. 

5 When the-coont is 28 the-itubes G48 and tifZo*. 
are cut off in the manner explained .before, v 
Upon thr application of the next pulse^ HCXmr 
-'> to th^ counter, stage 1 is reversed tand- there*': 

uponr cut* off >Crr«. ^ It is evident;: ttierefore^thl* i± 
10 if half correction 'Ss not being; suppressed; then :; 
the common anode line c20 of G48, G48a and. 
G I V rises in potential when the sum -of the dei*- 
nomiristiohal shift number > and the numberof M 
dividtariconimn *shift' steps equal. 29. The-in^ 
15 creased* potential on the line c20? (Ffg.' 65SJ *e*' 

- sults' -in tube C20 (Fig. 65e) becoming conduc- 
tive-arKi'causing -restoration of main start trigger-: 
D33-"tFl| ! . 65??. As a resurt the dividing cat-* ' 
culation will terminate' after half correction lias - 

20 been effected, in the same manner as has been 
descritoeV* for the mnltinlyinsr calculation ; in See* 
tiori>14-». 

FtgV : 68 Illustrates^ the mathematics of -an ex- 
tremely simple example of divisfohi m whienvth**- 
to quotient is to be half -corrected and -shiffed'byf: 
the denominational shift unit 24 places to the '- 

right-?: 

15. The pilot untts- 

There are. eight pilot units numbered Itfo'ii-as* 
M indicated in Figs, I, 81o and.816... Pilot uilitfc. t 
to 8 respectively control electronic storage. unita-- 
EST to 8 (see Section 6 and FigSv20, 21 and 22). 
Each of these, pilot units is alike .and- it is siuV 
flcient to show the circuit of one of the pilot units .. . 
:>•> in Figs. 80a to e. All timing signals required. by 
an electronic- storage unit. are generated in its * 
controlling , pilot unit. These signals are Out to >. 
ES. (also see Fig. 80a) , ES to Int,. ESG, tot to-ES» 
and ES to In (see Fig. 80c)-. Functions of, these : 
signals have been explained before in Section 6 M 
and will be further mentioned in subsequent sec-*? 
tions. A pilot unit also sends out a move signal * 
SMS (see Fig. ,80a) to bus 82;of the correspond- - 
ingly numbered Out bus-set. ... This move signal 
controls the- stepping of a selected tape storage - 
station, after it has transmitted^ «iata to- the .;: 
Out bus-set, as explained in Section 9. - A pilot 
unit also produces a Reset signal *see Fig: 80e) 
upon, the bus 82 of the correspondingly numv 
bered In bus-set. This Reset signal controls thfe.« 
resetting of the selected receiving unit which in - 
this case is a relay storage unit, as described in. : . 
Section 7. A pilot unit receives a Forward, slg^- 
nal (Fig. 80b) from bus 81 of th© Out bus-sete. 
This signal notifies -the pilot unit that the data - 
source which.has been selected to read out to an 
Out bus-set is ready to send its data along this ^ 
Out bus-set to the correspondingly numbered:--; 
electronic' storage unit A pilot unit also receives 
a Back signal (Fig. 80c) via bus 81 of .the ootre^ 
spondihg In" bus-set from a selected data receiv* 
ing unit, such as a relay storage unit. This j 
signal notifies the pilot unit that the selected : 
ceiving unit is prepared to receive data. 

The pilot units may be set to pilot sequence 
data or arithmetical data. . As now understood, 
two of the electronic storage units are assigned; . 
to sequence data and their corresponding pilot . 
units are set to pilot sequence data. To selective- 
70 ly condition a pilot unit for sequence data or - 
arithmetical data, five manual switches "ISO. to'' 
5SQ are provided in each pilot unit. If the pilot ' 
unit is used for sequence data, its switches are 
seteto the .seq positions but if usedfosp «rrthmeti- ■-■ 
75 cal3dat*;a.he ewttcties are set to norm posittons-;' 
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The pilot units for piloting arithmetical data 
are selected by the program means according to 
the code numbers In sub-fields b of fields P, Q. R, 
T, U and V. The selection of the pilot units Is 
effective through pilot units selection trees shown 
in Figs. 54 to 58. 

There are five pilot units selection sequence 
circuits shown in Pigs. 54 to 58. The functions 
of these circuits are roughly indicated by their 
titles. The OC-Out to ES trees (Pig. 54) and 
the OC-ES to Int are controlled by the Out fields, 
while the IC-Presense trees (Pig. 55) , IC-ES to 
In trees (Pig. 56), and the IC-Int to ES trees 
(Fig. 58) all are controlled by the In fields. 

The pilot units selection trees are heated in 
a manner described in Section 16b (items 15b 
and 39) at which times the outputs of tubes con- 
nected to selected branches of these trees are 
brought to low anode potentials. 

The trees OC-Out to ES (Fig. 54) have eight 
outputs which are designated OCO with an ap- 
pended digit 1 to 8 to denote the pilot units to 
which these outputs are connected and which 
are seletced thereby. These outputs may be 
called tree signals and go to tubes 12-SCP (Fig. 
80e) of the correspondingly numbered pilot units, 
cutting off these tubes. Subsequently, the main 
commutator (Sections 16a, b and 17) produces a 
sensing signal OCO for cutting off the tubes 12a 
in 5CP of all the pilot units. The pilot units 
which have been selected by their tubes 12 in 
5CP being cut off by tree signals OCO will there- 
by be rendered effective to initiate operations 
leading to the production of the Out to ES sig- 
nals, several of which may occur simultaneously. 

The OC-ES to Int trees (Pig. 57) produce nine 
separate tree signals designated P60 to 8, QbO to 
8, RbO to 8, TbO to 8, UbO to 8 and VbO. These 
signals go to the correspondingly numbered pilot 
units except for the signals having the appended 
digit 0 which go to a blank code chassis (Pig. 
78L). The signals Pbl to 8 cut off the tubes 
2a-5CP (Pig. 80e) of pilot units I to 8 respective- 
ly. Similarly, the Qbl to 8 signals cut off tubes 
3a; the signals Rb cut off tubes 5a; the signals 
Tb cut Off tubes 6a and the signals Ub cut off 
tubes 8a. Subsequently, the main commutator 
may produce in succession any of the scanning 
signals PI, Ql, Rl, Tl and Ul which cut off the 
tubes 2, 3, 5, 6 and 8, respectively, of all the pilot 
units. For example! under control of the scan- 
ning signal PI (note Fig. 80e) and under further 
control of the signal Pbl, the tubes 2 and 2a of 
pilot unit I are cut off and through la and I pro- 
duce a signal OC Int which enters into the pro- 
duction of a signal ES I to Int by this pilot unit. 
Signals Q I and Qbl are mixed by couple 3— 3a 
which acts via 4 and I to produce the signal OC 
Int in pilot unit I. Signals R I and Rbl are 
mixed by couple 5 — 5a to act via 4a to produce 
this signal OC Int. Signals Tl and Tbl act on 
couple 6— 6a to cause 7 and I to produce this sig- 
nal OC Int. Signals Ul and Ubl are mixed by 
8 — 8a which via 7a and I produces this signal 
OC Int. 

The IC presense trees (Fig. 55) control the pro- 
duction of signals PRESI to 8 for cutting off the 
tubes I6-5CP (Pig. 80e) of each of the corre- 
spondingly numbered pilot units. These signals 
are mixed with the sensing signal NPR, from the 
main commutator to cause a selected couple 
16 — 16a in 5CP to become effective causing the 
production of a signal PRE. This signal in the 
manner described in Section 17, Item 22, enters 
into the production of the Reset signal and the 
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transmission signal ES to In (Section 17, Item 
24). 

The IC-Int to ES trees (Fig. 58) produce the 
individual nine tree signals IQCO to 8, IRCO to 8, 

5 ITCO to 8, IUCO to 8, and rVC6 to 8. The signals 
with the appended digit 0 go to the blank code 
chassis BC (Fig. 78L). The signals with ap- 
pended digits 1 to 8 go to tubes in the corre- 
spondingly numbered pilot units. These signals 

10 cut off the indicated tubes in Fig. 80e of the 
correspondingly numbered pilot units. Subse- 
quently, the main commutator may produce suc- 
cessive signals Q2, R2, T2, T72 and V2. These 
signals scan the pilot units for their selection 

15 by the signals from the IC-Int to ES trees. For 
instance, if the signal IRC I has been produced, 
it has cut off 43a in 5CP of pilot unit I . Subse- 
: quently, the signal R2 cuts off 43 of this pilot 
unit, so that the couple 43 — 43a becomes effective 

20 and via 44, 41 and 33 produce a signal IC Int 
which is a condition to the production of the sig- 
nal Int to ESI by pilot unit I, in a manner which 
will be described in Section 17, Item 21. Signals 
Q2 and IQCI similarly act via 42 — 42a, 41a and 

25 33 to produce the pilot unit I signal IC Int. 
Signals T2 and ITCI act via 45 — 45a, 44a, 41 and 
33 to produce this signal IC Int. Signals U2 and 
IUCI are mixed by 46— 46a which via 47, 41 and 

33 produces this signal IC Int. Signal V2 and 
30 IVCI acting via 48 — 48a, 47a, 41 and 33 produce 

this signal IC Int. 

The pilot units selection trees IC-ES to In 
(Fig. 56) produce individual signals ICQ I to 8, 
ICRI to 8, ICTI to 8, ICUI to 8 and ICVI to 8. 

3 - These signals cut off tubes in the correspondingly 
numbered pilot units. Subsequently^ the main 
commutator may produce successive scanning 
signals Q3, R3, T3, U3 and V3. Signals Q3 and 
ICQ are mixed by couple 27 — 27a in 5CP (Fig. 

4i) 80e) of the pilot unit selected by the particular 
signal ICQ. The couple 27— 27a then acts via 35 
and 34 to produce the signal ICI in the selected 
pilot unit. This signal enters into the production 
of the signal ES to In by the selected pilot unit, 
as described in Section 17, Item 24. Signals R3 

45 and ICR are mixed by 28— 28a which via 35a and 

34 causes the selected pilot unit to produce the 
signal ICI. Signals T3 and ICT are mixed by 
29 — 29a which through 37 and 34 produces a 
signal ICI in the selected pilot unit. Signals U3 

50 and ICU are mixed by 30— 30a which acting via 
37a and 34 produces the signal ICI in the se- 
lected pilot unit. Signals V3 and ICV are mixed 
by 31— 31a. causing 39a and 34 to produce the 
signal ICI in the selected pilot unit. 

55 As stated before, the pilot units used for pilot- 
ing sequence data are conditioned by their 
switches ISQ to 5SQ being set in seq positions. 
As will be explained in Section 16b, Item 24b, 
these pilot units must produce signals ESC and 

60 Out to ES for causing the selected sequence data 
to be sent to the electronic storage units se- 
lected for routing sequence data. Also these pilot 
units must produce the signals ES to In for 
causing the selected electronic storage units to 

65 transmit the sequence data to sequence storage, 
as will be described in Section 16&, Item 31. The 
signals ESC and Out to ES must be produced 
under control of the main commutator sensing 
signal OCO and a tree signal OCO (Fig. 54). 

70 The signal ES to In requires the production of 
tree signals PRES and either a sensing signal 
SPR or NPR. Signal NPR is effective only if the 
switch 5SQ is set to norm position. The simulta- 
neous signal SPR is effective if the switch 5SQ is 

75 set to seq position. The signal ES to In also 
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• requires, ihe rproductioa of a. tree ; signal and a 
i'scanninatsignal which when mixed wili result: in 

the, production' ol the signal ICI. 
. To, >. produce: the ; requisite tree signals for the 
; .pilot units which. are set to pilot sequence data, 
a pair ofdial switches DSIS and DS2S (Pig;. 55) 
,are„provided.'.»Each of these switches has three 
: sections (Figs. 54, 55 and 56) or stacks of contacts 
y. and commonly operated switch., blades. The 
switch DSIS is set according to which pilot-units 
>and: related electronic , storage -unit are to be . used 
for SlSeq data while switch DS2& is adjusted 
according to which pilot unit and related -. elec- 
tronic storage unit are used for, S2Seq data. It 
may be assumed that switch DStS is set to 7 and 
•switch DS2S is set to 8. Referring to Pig; 54, it 
is. seen that sections I of switches DSIS and 
DS2s are connected to the outputs of the OC- 
Out to ES trees. With. DSIS. set at 7, it trans- 
. mite ground potential to the line OC07 and with 
switch DS2Sset to 8. it applies ground potential 
to OG08. In other words, sections 1 of these 
.-switches, as adjusted in the example, produce tree 
. signals OC07 and 8. Signals OC07 and 8 cut off 
.tubea 1 2-5CP (Fig; 80e) in pilot units l and 8. 
• Referring to 'Fig. 55, with dial switches DSIS 

• and DS2S set at 7 and 8, respectively, they apply 
ground potential- to the lines PRES7 and 8. In 

. other, words the tree signals- PRES7 and 8 are 
produced and cut off the tubes I S-5CP- (Fig. 80e) 
in pilot units J and 8. The scanning signal SPR 

• witt-be effective daring, each run of sequence to 
cut-off -16a in: the pilot. units which, have their 
switches 5SQ set at positions seq and so these 
pilot units williproduce the signals PRE. 

., Referring- tQ' Pig. 56,- with the dial switches 
. DSIS and-DSia^et at 7,and Si respectively, their 
^sections 3 produce- the tree signals- ICIS7 and 8 
-which cut off , the tubes 32-5CP. in pilot units 7 
:>.-and 8*(Fig, ,80e) . .. During each run of sequence, 
... the main commutator will produce the signal SW 
.-(see Section 16b».Item 31). This signal cuts off 
32a ofcall the pilot units. Accordingly, the couples 
,32-r-32a..of pilot units 7 and 8 will be effective 

- via 39 and 34- to produce the .- signals ICI which 
enter into the production, of the signals ES to In, 

. * also see Item 31 of Section 16b). 

. The pilot units also jcontrol .the production of 
.-.bach-aignals SE,,.AE, Fil.OC, Pil.IC . (Pig. 80a) , 
SIR and AT . (Pig. 80c). These back signals 
. - are . .directed : to . the main commutator. Signal. 

AE (see Section 16t>, item 25) notifies the main 
-..commutator that the pilot units have, completed 
■,-i4-he piloting :ot all. data from. Out bus-sets to 
■ electronic, storage units. The signal .SB notifies 
thfejnain -commutator that the pilot units used 
for piloting sequence data have completed the 
piloting of the sequence , data, into : the selected 

- electronic storage units. The signal PiLOC is 
. , produced by apilot unit at the time that H pro- 
duces. -the signal ES to: Int. and notifies the. main 

: commutator that r it may proceed with : the next 
rOut :«ode step (see: Section 17; Item; 15a; .as 'an 
example.) ". The signal PiLIC is produced at the 

.time .the pilot units produces a signal: Int to ES. 
This signal no tifies the main .commutator that it 

-'.(niay proceed with the next In code scanning step 
(see Section 17; Item 23). The signal AT pro- 

: ducedhy a pilot.unit notifies the main commu- 
tator that the pilot units have completed the 

.-■piloting of all data from electronic' storage t6Tn 

: bus-sets (see Section 168, Item 33) . . Signal STR 
is produced by those pilot units which :-aTe pilot- 
ing sequence data to notify the main commutator 

• : that" the-trans mission of sequence data: from, the 

- -selected electronic storage, unite; has been com- 
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sipleted;'* The^arledcoiristructiont and features 
. .of the pilot units will be brought out in subse- 
quent sections. 

16a. 1 The main commutator 

5 

The main commutator (Pigs. 78a to k) is a 
network of electronic elements which performs 
a round of ;. operations for causing the instruc- 
. tions given by a line of sequence data to be car- 
lo ried out as an ordered process. The main com- 
. mutator and the sequence means, including the 
sources of sequence data and sequence storage, 
may be referred to as main sequence: means; as 
^distinguished from the; sub-sequence- means of 
I.-, the ,multiplying*dividing; unit, the i accumulator 
■f, :unit;and thevdenpnunational shift unit. r An ex- 
v. tension of the main commutator is a so-called 
Control Frame (Figs. 75a to ft, 76a to g, and :77a 
. to d) which is a network of electronic circuits 
20 having functions which will be described subse- 
.. quently. The main commutator may also be con- 
sidered as including calculation control commu- 
tators ACC.C-(Fig. 78A), MYC, (Fig; 78M) and 
DVC (Fig. 78D) , and the no-calculation: com- 
mutator NO (Pig; 78c) . 

As stated: above the main commutator func- 
tions to perform a round of operations for carry- 
ing into effect instructions given by a line of 
seqeunce or program data. . Such instructions 
30 normally include directions given by the program 
fields Pi Q, R, T, U and V (see Pigs. 3 and 4 and 
; Section 2a) for transferring data from selected 
• sources to the electronic storage units and for 
transmitting; results from: electronic, storage units 
:^>>t©: selected receivingunits.;: Aset* of .instructions 
.also normally includes directions given ; byi the 

- <-progr am -fields OP1 and OP2 for the performance 
t of mathematical operations. ;among?iwMeh*: : are 
^ multiplications, ■ : division and accumulation. A 

mi - set of instructions further includes directions .for 
s denominational - shifts- to be performed by the 
ii denominational; shift unit:(see Section 12) ; such 
directions: .being given by In codings in sub- 
fields s and by the program fields SHI and SH2 
(Section 2a) . Finally, a set of instructions in- 
4 » eludes directions given by program fields SI and 
S2 for selecting the next line of sequence data. 
A common set of instructions therefore Will order 
/ numbers from selected sources to be transmitted 
via selected electronic storage units to selected 
50, 'calculation Units, and for the results of the cal- 
culations to toe: transmitted, after a selected de- 
: nominatiohal shift, through selected electronic 
©storage units toselectedreceivmg means. As now 
v 'Understood, when a calculation is ordered by a 
55 group of instructions, a plurality of numbers have 
to be sent from selected sources along selected 
out bus-sets to the corresponding electronic 

- storage units and thence via the Internal Out 

- and Internal-In bus-sets (Fig. 20) to the selected 
'• 60 - calculation unit. This is performed under di- 
rections given by Out program fields. In other 
words, an Out program field must be so inter- 
preted by the machine as to cause a number to 

. -be sent from a source selected by its subfield r 
through an Out bus-set and corresponding elec- 
tronic storage unit selected by its subfield b. to 
"the Internal Out bus-set and thence via the 
. .; Internal.-. In bus -set to the calculation, unit se- 
lected by the OP I or OP2 field, whichever is , in 
command. The interpretation of an Out, field, 
. , therefore, must lead to; the production of signals 

- ESC, Out to ES, and ES to Int by the pilot unit 
which relates to the electronic storage unit se- 

7.> lected by the sub-field b of the Out field. 
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The result of a calculation must be directed to 
a selected receiving unit, such as a relay storage 
unit. The transmission of a result from the cal- 
culating unit to the selected receiving unit is 
effected through the denominational shift unit 5 
and a selected electronic storage unit and its 
corresponding In bus-set. Such transmission is 
carried out to satisfy instructions in an In field. 
In other words, an In field must be so interpreted 
by the machine as to bring about the production 10 
of the signals ESC, Int, to ES, and ES to In by 
the pilot unit corresponding to the selected elec- 
tronic storage unit. 

With regard to the SI and S2 program fields, 
they must be interpreted by the machine to cause 15 
entry from selected sources of sequence data into 
electronic storage and to cause transmission from 
electronic storage of the sequence data to se- 
quence storage. In a sense, therefore, the SI 
and S2 fields are both In and Out fields and 20 
operations by the pilot units and main commu- 
tator in connection with these fields must include 
the production of the signals ESC, Out to ES, and 
ES to In. 

The control of the pilot units for producing 25 
the signals for causing entries into and trans- 
mission from electronic storage is chiefly exer- 
cised by the main commutator during a round 
of its operations. It has been explained above 
that entries via Out bus-sets into electronic so 
storage are directed under control of Out fields 
and the SI and S2 fields of a line of sequence 
data. Since the Out bus-sets provide a plu- 
rality of separate channels to electronic storage. 
It is possible to make the entries via the Out bus- 35 
sets into a plurality of the electronic storage 
units simultaneously or in overlapping time re- 
lationship. In other words, entries into elec- 
tronic storage units as directed by the Out fields 
and the SI and S2 fields may be effected con- 40 
currently. The main commutator produces a 
signal OCO (see Section 16b, Item 21) which is 
applied to all the pilot units and enables the pi- 
lot units selected by secmenee storage to prrduce 
their signals ESC and Out to ES. All of these 
signals, which lead to the entry of data via the 45 
Out bus-sets to the electronic storage units may 
thus be produced simultaneously by the selected 
pilot units. As will be brought out in subse- 
quent sections, the OCO main commutator sig- 
nal is not sufficient of itself to cause the selected 50 
pilot units to produce the signals ESC and Out 
to ES. A Forward signal must also have been 
received by a selected pilot unit from the source 
which is to read out its data through the Out 
bus-set to the electronic storage unit. As pre- 55 
viously explained, this Forward signal must be 
received by the pilot unit as an indication that 
the source of data is in condition for transmit- 
ting data to the Out bus-set and is not in a con- 
dition for receiving data from an In bus-set. 60 
Further, the OCO signal and the Forward sig- 
nal will be effective only if the selected pilot unit 
is not then storing a condition for piloting trans- 
mission of data from the corresponding elec- 
tronic storage unit. .65 

Although the entries via Out bus-sets to elec- 
tronic storage units may occur simultaneously, 
the transmission of the entered data from elec- 
tronic storage units to the Internal Out bus-sets 
and into a selected calculating unit must occur 70 
singly, i. e. from only one electronic storage unit 
at a time. This is evident from the fact that 
the Internal In and Internal Out bus-sets (Figs. 
20 and 22) provide only a single channel in as- 
sociation with electronic storage and this single 75 
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channel can handle the data from only one elec- 
tronic storage unit at a time. It follows that 
the signals ES to Int for directing the transmis- 
sion of data from the electronic storage units 
to the calculating units by way of the Internal 
Out bus-sets must be produced successively. In 
other words, while the Out fields may be so in- 
terpreted by the machine as to cause the num- 
bers from sources selected by these fields to be 
entered concurrently into electronic storage 
units, on the other hand the transmission of 
these numbers from electronic storage to a se- 
lected calculating unit can be effected only suc- 
cessively, from one electronic storage unit after 
another. 

The In fields must be so interpreted by the 
machine as to cause the transmission of calcu- 
lated results from the selected calculating units 
via the Internal In bus-sets to electronic stor- 
age units and thence to the selected receiving 
units. Since the Internal In bus-sets provide 
only a single communicating channel, the sig- 
nals for causing the transmission of data along 
the Internal In bus-sets to electronic storage 
units must be produced successively. With re- 
gard to the transmission of data from electronic 
storage to the In bus-sets, such transmission 
may occur simultaneously or in overlapping time 
relationship from a plurality of electronic stor- 
age units in view of the fact that the In bus- 
sets provide a plurality of separate channels. 

In order to control the pilot units for produc- 
ing the signals ES to Int and Int to ES suc- 
cessively, the main commutator includes a se- 
ries of scanning spots P, Q, R, T, TJ and V (Figs. , 
78c 'to ft). These spots, it will be noticed are 
designated the same as the fields, P, Q, R, T, TJ 
and V of a line of sequence data. This is be- 
cause the scanning spots function to control the 
pilot units for producing the signals which are 
required to carry out the instructions given by 
the corresponding program fields and which in- 
volve passage through electronic storage. 

The spots P, Q, R, T, TJ and V come into op- 
eration successively, in the stated order, each, 
except the P spot, under control of the preced- 
ing spot. The P spot is put in operation under 
control of a signal PS produced by the main 
commutator at the same time as the signal OCO. 
When a program field is an Out field its corre- 
sponding scanning spot is conditioned to per- 
form an Out code step, abbreviated as the OC 
step, but when a program field is an In field, its 
corresponding spot is conditioned to perform an 
In code step, abbreviated as the IC step. Since 
the P field always is an Out field, the P spot is 
always conditioned for an OC step. The other 
spots must be conditioned to perform IC steps 
when their corresponding program fields are In 
fields and this is effected under control of the 
In code sequence circuits (Fig. 61) as described 
in Section 16b, Items 15b and 39 and Section 
17, Item 6. It may be mentioned now that when 
a program field is blank in its subfield b, the cor- 
responding scanning spot will produce a signal 
which is effective in the blank code chassis BC 
(Fig. 78L). On the other hand, when a pro- 
gram field has a significant digit in its subfield 
b the corresponding scanning spot produces a 
signal or signals which are effective in the pilot 
units. When a scanning spot is conditioned for 
an OC step, it operates during a run of the com- 
mutator to produce a signal identified by the 
reference letter of the spot and the numeral 1. 
Thus the signals PI, QI..RI, Tl, Ul and V! are 
OC step signals. These signals as now under- 
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quence ofc-.therSBOtg RiaQiiRi • Ifc ajJd^y. "i^he 
scann^u^eflUP9ce, ii5,.iixitta.te(J:jby the signal PS 
which Is produced- concurrently With the signal 
45 OCO. ^^^3i«-;slcnali > .<P8t' : 1»^K8:4Btpnt)pera'i4bn the 
3 R^otiifc«!-prpd«cing.;thp Pl-.signal' (see Section 
';^by£tei»S6P> . Assuminghthat *he aubfleldPb 
Is not blank, the signat"Pl acts- upon 5 the- pilot 
<'tmdts- to «nse which of them -has been- selected 
-Aby^tae Fbrsobfteld. Under control of the Pi sig- 
«mAi*hiBr«ileeted'paot:tinitt isvconditioned to pro- 
-<!<<jtac«tats.;3ES' to. Int signal.' when'Hhis pilot unit 
ssska* completed' its pHoting* of? an sentry via the 
Y^selated - Out < bus-set to the- related electronic 
-jatoiage unit- selected by * the 1 Fb subfleld and 
•wwhtelxiifaT- tovunder-wmtroivof the OCO; signal. 
* A*ter*jall -Ahe i«p0»Uons^^tendantn-<H>P^lbe 
»e-*ran«misalon- under control^of thrES to int sig- 
nal resulting from m» Pt^gnal have been com - 
«apltrtetf; l >the Mx*«eanntag'^spot comes into op- 
■i^wratjpn. 1f-»program fleld Q is - an Out field, 
&3*fee**hi» spot'also- will-woducevan Out code sig- 
T&i&i; Q I, -which has the. same function as the PI 
~*i*ignat'but- ^vith -relation* toother Qb Aeld. ?"The 
r^sigimla&Kf.^M and rU l;dhave? similar functions 
sfltrtmd are t^iHced\?«accesslvely andrappHed ; to 
ISttieriJiM^uEU^ is 
•»titot>^ikPPlied- to'/ the pilot- units bub only to the 
^blank cede chaesirsifice program field V is al- 
*»:• w*y*-;anfrlH3 : fl&drand ^therefor© is not used for 
mdlroBHng-; i^esfeTOsmifisaonfiof tdata from elec- 
« tosonic irtor^e-^^^ 

**attna^i<how«ren; thas a - purpose: in -conjunction 
itflWttH* thftiblanfc^ 

-«canning.«eepience (see -Section 16b;;:Item!i26V) . 

iirtlHseaf ^iscanning" apob is conditioned to :-per- 
.•SN(P»'^,WN^P^l«#«H«5tf«n8 dating a -scanning 
s^q»erae?tc^*u?od»c^^ 
itfigmte^by:*he.?^ 

the numerals 2 and 3. Thus, the signals Q2 and 
4J?QHwIOisignals which arerprodaced in sequence 
>-;by the spot <& if it isconditioned for an :TC step. 
*&jimD&l&0»'*^ T2 and T3, U2 

*i»(*»ft3»*»*3TO and iVasare ie «i»a»ls;-, 5Pbe-slg- 



■W^volteamwnto&oBiirBi p*Qdnce:,*he§sig- 
jnala .SPR.and SW forrjconfcrolling the ; sheeted 
;p. pilot units- in piloting transmission of.; thevse- 
;<ix«u^e. dftW^nic1*i«iadeej«ft ejeetropic-gtoBage 
r,, , unitst ■ toathe , then: open; side of sequence- storage. 

3hft;:m&in^ opmmutator.: prpducesipresense 6 sig- 
;i ipals SPR apd -IflPRpsimultaneQusly- (see PecJson 
. 16b, Item 21) . The presense signal SPR is 
■s utilised hy the-; pilot^upits which have been set 
10"4°rr.RUQting, sequence . data;, the NPR signal is 
-utilized by ; those pilot, units which are set to 
; pilot arithmetical data, as mentioned in Section 
:.J5. . The. .presense signal NPR is applied to the 
. piJot:.units to -sense which: of: them has been se- 
lS;EslSPto<i; byiian : :ln Jield w,Mch -calls. foe ;tr,ajns®is- 
atdfouta; ■ ajtreceiying; : unit. ::::The : .rP!resfiPsei:«Sigjaal 
'siS^tablisbear.in-the: pilot; : unife one: o|:;thei condi- 
tions for causing the.'iRiJofe unit to: produce; .the 
x:il»msmiss^ inGpnjunc- 
2ajfe)n i:with:«ie Pacl?^ignal.;frpni.:.the£sele«ted J ;re- 
.ceiying unit, the prepense signal, will cause .the 
^elected pilot unit to produce a Reset signal^see 
Section 17, Item 22).. The presense signal SPR 
:;is:,:jBtiljaed byithe Pilot :units--:whi^h ; eare-;j3efc: to 
25?. Pilot- sequencei 4at»: tQ.:«9t^&sbrl^?^AH$pn 
for the transmission . of . the- sewjence *lata to 
the related In bus-sets, and; thence to sequence 
. storage. The other . condition for, irajnsjRjasion 
vofcseflugpcesdata under; control- of -;]the;Riloirunits 
;;o is the. application of m signal SW by .the oom- 
iaRivitfttorcto .the-BMoi-units. (see Section lfifedfcem 
3D. 

I:i?uring a : run. of ^he,:^mmi^or:^h*jespect 
..to a line of sequence data, -the -signal OCO un- 
35 der: .control of -wbjc&t tja&st£kd^ix&m*0&t *«»m 
the SM >i»^%^te^^kmMft^f*S% andsihe 
.signal PS ,w.hich.;:in}M»tes &wiim'ii&&mce 
of spots P. Q . . -.ft V^sall be^ro^iKsed Jojlpwhig 
;; ,thsee conditions. One condition is that the en- 
4rtc:Sries:!into-;eleBtrpnj*,:sto 

ceding .Ijne ;o£)j^Q^^.i«0iak^v^te^ji!^- 
: pleted • as f :manMegte4i^^ p|}ot;:Hnit*3baiang 
produced a signat;AE-;upderrtep.ntrol., of .which a 
,, xdelay- signal AED is produced some 16 ms- J%ter . 



.;.j>pmlHf ;Tr;rt.rnn t^*he^Jo*i«ni<«r : te3jBeiise--wMch-- -iffirdilipn :f<^l^d»r<^otip»-.<rf.dl^dM«P^iOg<^wid 



?i?of\llien»{has:>beei» sheeted byj*he;«ubftelds b- of 
mM»^ryt9p<m^B:TD:;MBl€i: lUnde?. eontrol of -.the 
xsflCEMlng «lg»afe the. selected-.:;pHot. -..units is con- 
**!$r)aiBei*>te^ 

!*3«5W»PleEssee6ec1*pEt*l7^ iltem :,21.tTJtM;SignaJ^2 
^jro«Wi^tcs .3Kill:Tnot ?of i^lf rea»ser ;i thei?S9!lee.ted 
tf&ittt O^tftdKAAte^ **«»te»Ji**afetiK- BS;.^ is 

: v *t t^*s^te*pilpttur#rshaH:-no:fe be-stortng ar«pn- 

■■■ electronic storage unit to an In bus-set. 

:bRbfen^ompleted*:,-tt^:^fWnl'ng5: «iP| '-Rsajucesaits 
.iiiftsignal. v-;55ii8signal,is .wi^j^.^^efi^tiffiQltr' 
,<,^.t<H««Bst^^^ch^.'Of.,-^in;:iKus yhjeen . : seieeted': ? by 

th^ ^.«^f^ld»of:.-^ereorr^ 
^«<n»«n9Aie^ii»>ttii».:««)e^ed pilot unit one of the 
» a #ip|jdiWons : tor:i^ sigpal 
feto? : InKlfeee>-Sectipn I7i Item 24). fTheipfcher 
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ii <KWdttipns> are jthe ^^;applicatipn of ^Breeensei^ig- 
t ^wL;hiu,ttie : main cpmmutator to the pilot units 
c „ and the application of ekipack sjgnal by 4hewse- 
JecJied, neceiying unit to the pilot unit (see- Sec- 
tion 17,. Jtems, 22 and 23) . 
'~^5S0tta> JSgard, to, the sequence data, the, main 
• ^cpmmutator will produce the. signal OCO for ini- 
' -•tiatingr' the operations of the selected pilot unit-; 
>^rsfpflpjting-' the' sequence data frpm. .^elected 
^«o«rce^td t 4he-s«eleeted' electronic storage units: 



PS.. A. secp.nd; ^ndition ,fpr Jhg ; production of 
these .signals is that the previous scanning' se- 
quence, of.. spots P, Q . . . V has been completed 
(see .Section 16b, Item -39). A third condition 
for the production of signals OCQ and PS is that 
the transmission of ; sequence data as ; directed by 
Sfcand S2: in- the. preceding; lme ojEiSeau^nceidita 
has been completed and the rpijot units epnse- 

tpuentiyjh^vespxpd^edjthe, sjgnai-siii which is 

followed ; about 10 ms. later by the negative.- sig- 
jpal . STRD I.. It; is the latter signal which satis- 
IfilB^sli^^ : :;prp^up.tiPn;" : of 

the OCO and PS signals. 
: The production of the presense signals SPR 
fiu and NPR requires the above three conditions 
rr.for. the OCO and PS signals.- and, -in addition, 
--requires that all transmissions relating to . the 

- preceding line of sequence data have been tspm- 
"litlfleted. Such : completion is > manifested by the 

65; ^Bpliea^ipnEto;;;the :Commuteto^ 

- Hwhijch: ^^comes:- from,: the; paoteunits. iTherAT^ig- 
i^pals wilHbe; f oilowed by .an ATD, signal about 

16 ms. later to satisfy the. fourth- condition for 
, , the prpduetipn by the cqm 
.70: signals. Thus prior to the production- of . ;the 
presense signals, it is possible that the previous 
. scanning sequence, has; been completed and the 
..signals 3 from the. scanningjsppts , conditioned 
for IC steps have been applied to the pilot units 
75 and their effects stored therein to produce signals 
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ICI (see Figs. 80c, d and e). The Back signals 
from the units which are to receive the data 
resulting from the scanning of the new line of 
sequence data may also be effective upon the 
pilot units prior to the production of the presense o 
signals. The ICI signals and the Back signals 
are two of the conditions required for causing 
selected pilot units to produce the transmission 
signals ES to In. The third condition involves 
the presense signals. Thus, it is possible that io 
the presense signals may be the final timing 
control for transmission from electronic storage 
to the In bus-sets. Hence, under certain con- 
ditions such transmission from a plurality of 
electronic storage units to the In bus-sets may 55 
occur simultaneously. This is permissible since 
the In bus-sets provide a plurality of separate 
data transmitting channels. 

The SW signal Is produced by the commutator 
at the time the OCO signal is dropped (see Sec- -jo 
tion 16b, Item 31). The OCO signal times the 
entry of data from Out bus-sets to electronic 
storage and when all such entries have been 
completed during a round of the commutator, 
the all-entry signal AE from the pilot units is 25 
applied to the commutator and initiates opera- 
tions which lead to the termination of the OCO 
signal and the production of the SW signal. The 
latter signal in conjunction with the presense 
signal SPR will cause the sequence data In elec- 
tronic storage to be transmitted to sequence 
storage (Section 16b, Item 31). 

The main commutator also functions during 
a round of operations to cause the Control Frame 
to control the alternate closing and opening of ;:„j 
the A and B sides of sequence storage, the alter- 
nate heating of the A and B sides of sequence 
storage circuits and trees, and the production of 
a plurality of time delay signals all of which will 
be explained further in subsequent sections. The .<.(> 
calculation control commutators and the NO 
commutator are selectively conditioned accord- 
ing to the setting of the sequence storage pyra- 
mids OP I and OP2 (Fig. 59). The OP I pyramid 
is heated for the first half of a scanning sequence 
which involves the successive operation of spots 4i> 
P, Q and R while the OP2 pyramid is heated for 
the second half of the scanning sequence which 
Involves successive operation of spots T, U and V. 

Positive AP and BP pulses from the main 
pulse generator (see Section 4) are applied to o0 
the main commutator where they are inverted 
and amplified by tubes I, 2, 3 and 4 in the Z 
spot (Fig. 78fc). The resulting negative AP 
pulses are utilized by the main commutator, in- 
cluding all the calculation commutators, while 53 
the resulting negative BP pulses are utilized only 
by the calculation commutators MYC and DVC 
(Figs. 78M and D) . 

Details of construction and various operations 
of the main commutator will be brought out 60 
fully in the subsequent sections. The first run 
of sequence will be described in the next Section 
16b. This is a run of sequence which is required 
to call the first real line of sequence data into 
sequence storage. When power is reapplied to 
the machine after it has been shut down, the 
operator at the control desk first operates the 
manual cancel keys which cause the resetting of 
the various triggers in the main commutator and 70 
elsewhere as previously mentioned in Section 1. 
Ah artificial line of sequence, consisting only of 
SI and S2 data, is set into the dial switches 
DSI and DS2 (see Fig. 40 and Section 11) . This 
artificial line of sequence will select the first 75 
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real line of sequence data in the carrying out of a 
succession of programmed operations. 

16b. The first run of sequence 

The sequence of events in this run is given in 
Figs. 79a, b, bb, c and d. The numbers in par- 
entheses denote items of the present section, 
unless otherwise indicated. 

1. Relay AM. — With the machine cancelled, 
trigger 2-5CF (Fig. 75e) is effective via tube ele- 
ments IT and I to place increased potential on 
line am. Consequently, II-I9CF (Fig. 77d) con- 
ducts and its output line amr (also see Fig. 36) 
drops in potential, causing current to flow 
through relay AM to the +150 v. line. There- 
upon, relay AM is energized and its points AMa 
close and make the circuits of the plurality of 
relays AS (see Section 11), thereby opening the 
A side of sequence storage. 

2. Relays AOR. — In cancelled condition of the 
machine,, triggers IG and 18 in 4CF (Fig. 75d) 
cut off the lock couple 15 — 15a to apply high 
potential to 1 3-4CF, which brings line aor to low 
potential. The low potential on line aor is in- 
verted by 9 to 12 and 41 in I9CF (Fig. 77c) to 
increased potential on tubes 13 to 39. These 
tubes conduct, and their output lines aorr drop 
in potential. Each of these output lines con- 
nects to a group of relays AOR (see Fig. 36, 
where an illustrative number of these relays is 
shown) . Upon lines aorr dropping in potential, 
current flow through relays AOR to the +150 v. 
line occurs. Energized relays AOR open their 
points a (Fig. 41), so as to break any existing 
stick circuits of relays AOP (see Section 11). 
The relays AOR are called the A operational re- 
set relays since they serve to clear the . A side 
sequence storage operational relays AOP of any 
data which may previously have been stored 
therein. 

3. Relays X7. — With the machine cancelled, 
trigger 3 in 3CF (Fig. 75c) holds tube 2 in 3CF 
off and line xT at increased potential so ampli- 
fiers I, 2 and 3 in I8CF (Fig. 77c) produce low 
potential on lines xTr (also see Fig. 36) . A relay 
XT and delay relay XTD are in series between 
the +150 v. line and each of the lines xlr (an 
illustrative pair of relays XT and XTD appears 
in Fig. 36). When lines xlr drop in potential, 
relays XT and XTD are energized. Relays XT are 
the timing relays and relays XTD are the arc 
suppression relays for the A sides of the In se- 
quence storage pyramids shown in Figs. 51, 52a 
and 52b. Since all these pyramids are at zero in 
the first run of sequence, the energization of 
relays XT and XTD has no effect during the 
first run. 

4. Entering the artificial line of sequence.— The 
artificial line of sequence was explained in Section 
II. Such line of sequence consists of SI or S2 
codes, or both, set on dials DS (Fig. 40) . The 
setting of these dials is made according to where 
the first real line of sequence for a program of 
operations is to be obtained. Having cancelled 
the machine, the operator now closes switches 
SSI and SS2 (Fig. 40a) to cause the predeter- 
mined artificial line of sequence to be applied to 
sequence storage, as described in Section 11. 
Since the A side of sequence storage now is open 
(see item 1), the SI and S2 code numbers set 
on the dials DSI and DS2 are applied to relays 
AI (Figs. 37, 38 and 39) in the SI and S2 columns 
19 and 20 of the A side of sequence storage. The 
energized relays AI close their points b (Fig. 41) , 
establishing the pickup circuits of the corre- 
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spending groups of relays AOF. In this manner, 
the 81 and S2 data are stored in the SISeq and 
S2Seq relays AI and AOP of sequence storage 
columns 19 and 2ft (see also Figs. 42 and 43). 
Thus, the very first artificial line of sequence is 
entered in the A side of sequence storage so that 
the Si, S2 pyramids (Fig. 50) are set, on their 
A sides, in accordance with the S( and S2 data 
contained in the artificial line of sequence. 

5; Start key suritch, commutator signal STR, 
dropping AM and AOR. — The operator next closes 
a start key switch SKS (Fig. 77aa) at the con- 
trol desk picking up a relay SKR, the point a 
of which connects the +150 v. line to point g of 
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A sides by the closure of points XI a (Item 7). 
Depending on the setting of these pyramids and 
the plugging, described in Section it, the sources 
for the next line of sequence are selected and 
the next line of sequence is applied to Out bus- 
sets. In the present example, it is assumed that 
the SI and S2 code numbers (Fig. 40) in the SI, 
S2 pyramids (Fig, 50) are 01 and 02, respec- 
tively.. ' Assume, further; that code numbers 01 
and 02 are to select the SISeq and S2Seq portions 
of the. next line of sequence from tape storage 
stations I and 10 of bank 1 (Section 9), with 
station I to be read out through its ASS selector 
and station 10 to be read out through its BSS 



trigger 5, Fig. 77a, so that the trigger turns and 15, selector. Assume, further, that SISeq data are 
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cuts off 4 to bring line SPST to increased poten 
tlal. The increased potential is applied to tube 
f8«Z (Fig. 78A), making the tube conduct and 
turn trigger I7Z. With I7Z turned, it applies 
increased suppressor potential to 13 which is al- 
ready conditioned plus by trigger 1 0 as is (reset) . 
The series of tubes I3Z, I8Z, I2Z thereupon pro- 
duce a negative going STR commutator signal 
which goes to the control frame (Fig. 75a) where 
it is inverted by 4-ICF (Fig. 75a) to a positive 
going STR signal, on wire 101, which is transmit- 
ted to tube 3-5CF (Fig. 75e) . This tube produces 
a negative going pulse applied to both sides of 
trigger 2-5CF, turning it (see item 1). Accord- 
ingly, wire am drops in potential, and relays AM 
and AS (Fig. 36) are deenergized. Meanwhile, 
the artificial line of sequence has been applied 
to relays AI and AOP (Item 4). The positive 
STR signal on wire 101 also makes 24, Fig. 75d, 
conductive so as to turn 16. Consequently, re- 
lays AOR are deenergized (note Item 2), and 
their points a reclose to establish the hold cir- 
cuits through the energized relays AOP. m every 
case, after the relays AM and AS have served 
their purpose of opening the A side of sequence 
storage to an entry, the relays AM and AS and 
AOR are dropped under control of an STR signal. 

6. Relay BM. — With trigger 2-5CF (Fig. 75e) 
turned, it acts through 17a and la to increase 
the potential on the line bm, whereupon tube 
I2-I9CF (Fig. 77d) conducts, its output line bmr 
(also see Fig. 36) drops in potential, so relay BM 
is energized. Relays BS pick up via points a of 
BM, opening the B side of sequence storage to 
subsequent entry of the next line of sequence. 
Each STR signal switches the status of 2-5CF, 
so that relays AM and BM alternately are ener- 
gized by successive STR signals and the A and 
B sides of sequence storage alternately opened to 
sequence data. 

7. Relays XI.— The positive STR signal also 
acts through I lo-5CF (Fig. 75e) to turn trigger 
IS-5CF. The trigger now cuts off 9 of the couple 
9 — 9a. Tube 9a is being held off by trigger 10. 
Accordingly, the couple now serves through 8a 
and 7 in 5CF to cause the potential on line xl 
to rise. This makes 2I-I9CF (Fig. 77d) conduct, 
so its output line xlr (Fig. 36) drops in potential 
and relays XID and XI are energized. Points 
Xla (Fig. 50) now heat the A sides of the SI and 65 
S2 Unit Outs, Group Outs, and Station Move 
pyramids. It is clear that after entering se- 
quence data into the A side of sequence storage, 
the A sides of the SI, S2 pyramids are heated. 

8. Selection of the next line of sequence. — The 70 
A sides of the SI, S2 pyramids (Fig. 50) have 
been set (Item 4) according to where the next 
(First Real) line of sequence data is to be ob- 
tained. The Unit Outs, Group Outs and Station 



to be applied to Out bus-set 7 and S2Seq data 
to Out bus-set 8. Finally, assume both stations 
are to be moved after reading out a line of data. 
The plugging in tape storage bank 1 will be be- 
20 tween sockets ASSP (Figs. 31, 32a and 34) and 
sockets TS-GOP7 and between BSSP and 
TS-GOP8. The plugging for selection of tape 
storage Group Out 7 by the 01 setting of the SI 
Group Outs pyramid (Fig. 50) is between SGP0I 
(Figs. 50 and 53b) and TSGOS7 of bank 1. The 
plugging for selection of the tape storage Group 
Out 8 by the 02 setting of the S2 Group Outs 
pyramid is between SGP02 and TSGOS8 of bank 
1. For selection of I ASS and I0BSS (Fig. 32c) 
of bank 1 by the 01 and 02 settings of the S I and 
S2 Unit Outs pyramids, sockets SUP0I and 02 are 
plugged to I ASP and I0BSP of bank 1, as shown 
in Fig. 53a. For selection of Move relays MA and 
MB (see Fig. 32c) of bank 1 by the 01 and 02 
35. settings of the SI and S2 Station Move pyramids 
(Fig. 50), sockets SMPOI and 02 (Fig. 53b) are 
plugged to MAP and MBP of bank 1, as shown. 

With the illustrated plugging, the heating of 
the Unit Outs, Group Outs and Station Move 
pyramids (Fig. 50) by the closure of contacts 
Xla establishes the following circuits: 

Tape storage Group Out 7 (bank 2).— From 
ground (Fig. 50) through an Xla contact, the 
SI Group Outs pyramid to the socket SGPOI, 
plug connection to TSGOS7 (Fig. 32c) (bank 1) , 
and through the Group Out gang relay TS-GOT 
(Fig. 32c) of bank 1 to the +50 v. line. 

Tape storage Group Out 8 (bank 1) . — From 
ground via Xla contact (Fig. 50) the S2 Group 
Outs pyramid to socket SGP02 (Fig. 53b), the 
50 socket GOS8 (bank 1) , and through gang relay 
TS-GO8 (Fig. 32c) of bank 1 to the +50 v. line. 

Station selector 1ASS (.bank 1) .—From ground 
via an Xla point, the SI Unit Outs pyramid (Fig. 
50) to the socket SUP0I (Fig. 53a) socket I ASP 
(Fig. 32c) (bank 1) and through an interlock 
relay point lACLa and the gang relay IASS (see 
Fig. 32c) of bank 1 to the +50 v. line. 

Station selector 10BSS (bank 1) . — From ground 
via an Xla point, the S2 Unit Outs pyramid to 
socket SUP02 to socket I0BSP (bank 1) and via 
an interlock point lOACLa through gang relay 
I OBSS of bank 1 to the +50 v. line. 

Move relay MA (bank 1) . — From ground to an 
Xla point, the SI station move pyramid to socket 
SMPOI (Fig. 53b) to socket MAP (bank 1) and 
through relay MA (See Fig. 32c) of bank 1 to the 
+50 v. line. 

Move relay MB (bank 2). — From ground via 
an Xla point, the S2 station move pyramid to 
socket SMP02, socket MBP (bank 1) and through 
relay MB (Fig. 32c) of bank 1 to the +50 v. line. 

Energization of the relays TS-GOT and 8 of 
bank 1, relays IASS and I OBSS of bank 1, and 



40 



45 



55 



60 



Mw St, 82 pyramids have been heated on the 75 the relays MA and MB of bank 1 will cause sta- 
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tions I and ( 0 of bank 1 to read out S I Seq and 
S2Seq data, respectively, to the Out bus-sets 7 
and 8, and line spacing of these two stations later 
to occur, all in the manner previously described 
in Section 9. Also, forward signals are applied 5 
to buses 8 1 of Out bus-sets 7 and 8. In a man- 
ner to be described at the end of Item 24b, the 
pilot units 7 and 8 will produce the Move signals 
for bringing about the stepping of selected sta- 
tions I and 10 in bank 1 (see Section 9). io 

In the foregoing manner the SI and S2 code 
numbers have selected the next line of sequence 
and this line has been applied to the selected 
Out bus-sets 7 and 8 to be entered at the proper 
time in electronic storage units 7 and 8 (see 15 
Item 24b) . 

9. Relays X2 and XM. — The positive STR sig- 
nal on wire 101 (see Item 5) also serves via 23a- 
5CF (Fig. 75e) to turn 28 which thereupon cuts 
off 21 of couple 21— 21a of which 21a already is 20 
off under control of 22. The couple 21 — 21a now 
provides increased potential on wire x2w and also 

is effective through 20a and 19 to increase the 
potential on line x2 (also see Fig. lid). This 
renders tubes 19, 20, 25, 26 and 27 in Fig. lid 25 
conductive, whereupon lines x2r and xm drop in 
potential. The decreased potential on a line xm 
(also see Fig. 36) results in an energizing circuit 
being completed through relays XM and XMD to 
the +150 v. line. There are two pairs of serially 30 
connected relays XM and XMD, each pair con- 
nected to a line xm, but only one pair is shown 
in Fig. 36. In general, it is to be understood that 
where similar circuits are provided, only one or a 
few illustrative circuits will be shown. The de- 35 
creased potential on line xtr results in energiz- 
ing circuits being completed through relays X2 
(P, Q, B, T, U) to the +150 v. line. There is 
one relay X2 for each of the possible Out se- 
quence storage fields P, Q, R, T and U, as indi- 40 
cated by the identifying letters applied to the re- 
lays X2. Relays XM, XMD, and X2 serve as 
timing relays for the A sides of the Out sequence 
permutation circuits shown in Figs. 47a, b, c, d, 
48 and 49a and b and described before in Sec- 45 
tion 11. These circuits are adapted to select re- 
lay and tape storage and table look-up Group 
Outs, relay and tape storage Unit Outs, Station 
Move relays, Table Outs, and dial storage Group 
Outs. In the first run of sequence, none of these 50 
circuits is effective since Sequence storage is at 
zero except in the S I and S2 fields. 

10. Relays X3. — As explained in Item 9, the STR 
signal brought about a rise in potential on wire 
x2w (Fig. 75e), whereupon X2, XM, and XMD 5g 
were energized. The increased potential on wire 

xZ w is inverted by 29-6CF (Fig. 75/) to reduced 
potential which cuts off 27a of the lock couple 
27 — 27a. Element 27 is being held conductive 
at present by trigger I acting through 8, so that 60 
27 — 27a continues at low output potential even 
though 27a has been cut off under control of the 
STR signal. This same signal STR initiates op- 
eration of a "Late" delay circuit shown in 6CF 
(Fig. 75/). The signal STR is inverted by 5 of 6 - 
6CF to a negative pulse which reverses trigger 4. 
As 4 reverses, it turns trigger 3. The next AP 
pulse restores 3, which turns 2. The following 
AP pulse restores 2, causing it to turn I. The 
next BP pulse restores I which thereupon re- 70 
stores 4. Meanwhile, trigger I has applied in- 
creased potential to 8 — 6CF which in turn ap- 
plied reduced potential to 27 — 6CF, cutting it off 
momentarily. In this way, 27 is cut off after 27a 
is cut off, the delay being determined here by 75. 



the successively operated triggers 3 and 2 of the 
delay circuit in 6CF and being roughly equal to 
the duration of two AP pulse cycles (Fig. 19) . 
That is, about two AP pulse cycles after the STR 
signal, the trigger I operates to cut off 27. Tak- 
ing the AP pulses as at 4KC (Fig. 19 and Section 

4) the delay is about half a millisecond. It may 
be noted that when 8-6CF cuts off 27, it also cuts 
off 26a. But 26 is now being maintained con- 
ductive since 28 is now at cut-off under control 
of low potential on a wire ylw. 

When tube 27 is cut off momentarily during 
the brief reversed period of I-6CF, the couple 
27 — 27a applies increased potential to 12 which 
in turn applies reduced potential via wire 102 
to trigger 18, turning it. The trigger 18 there- 
upon renders conductive the tube 17, which is 
being conditioned by trigger 16. Tube 17 now 
acts through 13 to place wire x3 at increased 
potential whereupon the amplifier, comprising 
tubes 7, 8 and 9 in I5CF (Fig. 760), applies re- 
duced potential to output wire x3r (also see Fig. 
36) , causing relays X3 to be energized. 

These relays close their points to ground the 
A sides of the Table Out and table look-up Group 
Out pyramids (Figs. 47b and c) . These pyramids 
are at zero during this run, and operation of 
relays X3 has no effect. 

11. X4, XS and X6 relays. — In similar fashion, 
the relays X4, X5 and X6 (Fig. 36) are picked up. 
Briefly, the negative going pulse produced on 
wire 102 by I2-3CF (Fig. 75/) goes to the triggers 
12 and 24 in 7CF (Fig. 75o) and to trigger 6 in 
8CF (Fig. 75ft), turning these three triggers. 
Trigger I2-7CF renders conductive the tube II 
conditioned by 10. The tube conducts and via 
7 causes an increase of potential on the line x4. 
Consequently, tubes 13, 14 and 15 of I5CF (Fig. 
76a) become conductive, and line xir (also see 
Fig. 36) drops in potential, so relays X4 are ener- 
gized. Similarly, turned trigger 24-7CF (Fig. 
750) causes 23 conditioned by 22, to conduct and 
through 1 9 to bring wire x5 to increased poten- 
tial. Tubes 19, 20 and 21 (Fig. 760) become con- 
ductive, their output line x5r (also see Fig. 36) 
drops in potential and relays X5 are energized. 
Turned trigger 6-8CF (Fig. 75ft.) renders 5, con- 
ditioned by 4, conductive, whereupon I-8CF be- 
comes non-conductive and increased potential is 
placed on wire x6. Tubes 25, 26 and 27 (Fig. 
76o) now conduct, and output line x6r (also see 
Fig. 36) drops in potential, so relays X6 are en- 
ergized. 

Relays X4, X5 and X6 close points in the cir- 
cuits of the A sides of the tape storage Unit Outs, 
Group Outs, and Station Move trees (Figs. 47b, 
c and d) . All of these trees being at zero during 
the first run, the operation of relays X4, X5 and 
X6 has no effect. 

12. The S transmission delay counter and the 
STRD1 pulses. — The positive STR signal (Item 

5) also acts via 7-3CF (Fig. 75c) to turn 8. This 
trigger now cuts off 14, making couple 14 — 14a 
responsive to pulses EP (also see Fig. 19) con- 
tinually applied to 14a. The couple 14 — 14a then 
acts through 1 3 to apply input pulses to the input 
line 103 of the S transmission delay counter. 
This delay counter is of a known type and will 
provide required delay times between the STR 
signal and an output signal or signals. It will 
be understood that other suitable delay counters 
may be used. Triggers 19, 20, 21, 22 and 23 may 
be considered as the first order of the delay 
counter. The input pulses are applied through 
line 103 to all the triggers of the first order. 
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However, the first trigger 1 9 is in a status which 
is responsive to the input pulses but the other 
triggers cf the first order are in states which are 
immune to the input pulses. Accordingly, the 
first input pulse turns 1 9 alone and 1 9, upon turn- 
ing, produces a transfer pulse which reverses 20. 
20 is now in a state responsive to an input pulse. 
Hence the second input pulse returns 20. As 
20 returns, it causes 21 to turn. The third input 
pulse returns 2 1 , causing it to turn 22. The fourth 
input pulse returns 22, whereupon 23 is turned. 
The fifth input pulse returns 23. As 23 returns, 
it restores the first trigger 19. The first order 
of the delay counter is then in its initial condi- 
tion. In the foregoing manner five successive 
input pulses effect a cycle of operation of what 
may be considered the first order of the delay 
counter. In general, the input pulses will be 
derived from a tap point of a voltage divider 
between the anode of a tube and the +150 v. line, 
with the portion of the voltage divider between 
the tap pcint and the anode having a value of 
approximately .0035 megohm and the portion of 
the voltage divider between the tap point and 
the +150 v. line having a value of approximately 
.0015 megohm. At completion of the cycle, 23 
restores and turns 24, which reverses triggers 
17 and !8. At the completion of a second cycle 
of the first order, trigger 23 returns 18, which 
thereupon restores 17. As 17 restores, it applies 
a negative impulse to 26a which produces a posi- 
tive STRDI signal on wire 104. At the same 
time, 1 7 applies a positive impulse to 5 which pro- 
duces a negative STRDI signal on wire 105. The 
STRDI pulses appear about 10 ms. after the STR 
pulse. 

13. The AIR Relays. — The positive STRD I sig- 
nal on wire 104 is inverted by 23-4CP (Pig. 75d) , 
and the resulting pulse turns trigger 22-4CF. 
Trigger 22-4CP (Pig. 75(Z), turned, now is apply- 
ing reduced potential to 27 of couple 27 — 27a. 
27a is held off by 28-4CF. The couple 27 — 27a 
now is effective through 26a and 19 to place high 
potential on line air. Tubes 1 to 7 (Pig. 77d) now 
conduct, whereupon lines airr (also see Fig. 36) 
drop in potential, causing the reset relays AIR 
to be energized. Their points a (Pig. 37) open 
and deenergize the relays AI (Pig. 37) . Contacts 
b (Pig. 41) of AI open and drop the pick-up cir- 
cuits through relays AOP (see Item 4) . Relays 
AOP remain energized by the circuits made 
through their stick contacts a and the points a 
of AOR (Item 5). 

14. Terminating the STR signal and producing 
the "a" signal. — The negative signal STRDi 
(Item 12) on the output wire 105 (Fig. 75e) is 
effective via Ma and II, in the Z section (Fig. 
78fc) of the main commutator, to turn 10, which 
turns 9. Trigger 1 0, now turned, renders 1 3Z non- 
conductive to terminate the STR signal (Item 5) . 
When trigger 9 turned, it applied a positive pulse 
to 14 but 14 is being held at cut-off by 18a now 
conductive under control of trigger 5, Fig. 77a, 
which was reversed under control of the start 
key SKS. Accordingly, 14 (Pig. 78.%) does not 
become conductive and does not reset 17. Hence, 
17 maintains 13 conditioned so that when 10 is 
reset later, an STR commutator signal will again 
be produced. To stop the sequencing operations 
which start with the STR signal, the operator 
may close the stop key switch SP (Pig. llaa) , 
picking up relay SPS which connects the +150 v. 
line to point b of 5, Fig. 77a, resetting it. This 
results in line SPST going down in potential, 
whereupon 18a, Fig. 78k, is cut off and conditions 
14. When the next STRDI signal causes- trig- 
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ger 9 to turn, 14 Will become conductive and re- 
store 17. As a result, a next STR signal will not 
be produced and sequencing operations will ter- 
minate at the end of the sequencing run. 

The STRDI negative pulse also is transmitted 
to the W spot (Fig. 78i) of the main commuta- 
tor, where it is amplified by 22 and 22a. The re- 
sulting negative pulse switches 23W to apply in- 
creased potential to a grid of I4W. The other 
grid is conditioned by triggers I7W and I9W 
through a lock couple 18 — 18a, so when 23 applies 
increased potential to 14, it becomes conductive 
and turns ( 5W. The next AP pulse restores 1 5W 
which thereupon applies a negative impulse to 
triggers 18, 17, 19, 23 and 25 of the W spot, turn* 
ing 16, 17, 19 and 25 and restoring 23. It should 
be noted that with 25W turned, it is applying 
increased potential to 27 of the lock couple 
27 — 27a and is applying reduced potential to 26 
of lock couple 26 — 26a. Coincidentally, 28W is 
applying reduced potential to 27a and increased 
potential 26a. At this point, then, both these 
lock couples are at reduced output potential, 
whereas before 25W Was turned, the couple 
27 — 27a was effective to produce increased po- 
tential which, applied to inverter 32W, produced 
a negative signal "b" on wire 106. When the 
trigger 25W is turned, it interrupts the "b" sig- 
nal. The trigger I6W, which was turned by 
trigger 1 5 when the latter was restored by an AP 
pulse, is itself restored by the next following AP 
pulse. As it restores, it turns trigger 28 W which 
then cuts off 26a. At this time, turned trigger 
25 is cutting off 2S. Therefore, when 28 W cuts 
off 2Sa, the couple 26 — 26a acts through 30W to 
produce the negative "a" signal on wire 107. 

15a. Heating the A sides of Operational Sign 
and In code permutation circuits. — The negative 
"a" signal on wire 107 is transmitted to ampli- 
fiers 29 and 35 in Fig. 76a which apply a positive 
"a" signal to the tubes I, 2, 3, 7, 8, 9, 13, 19, 20, 
21, 25 and 26 in Fig. 76c. These tubes become 
conductive and their outputs go down in poten- 
tial. The outputs I PA, 2PA, IQA, 2QA, IRA, 2RA, 
IUA and 2UA heat the A sides of the Operational 
Sign permutation network (Fig. 60) set by se- 
quence storage according to the code numbers 
in subfields s. The tube outputs QA, RA, UA and 
VA heat the A sides of the In code permutation 
network (Fig. 61) controlled by the s subfields 
of sequence storage. 

The T portions of the Operational Sign and In 
code networks (Figs. 60 and 61) are heated when 
the outputs ITA, 2TA and TA of tubes 14, 15 
and 27 in Fig. 76c go down in potential. These 
tubes are not rendered conductive directly by 
the "a" signal since it is desired to heat the T 
portions of the Operational Sign network only 
v/hen T is an Out field and to heat the T portion 
of the In code circuit only when T is an In field. 
As stated before in Sections 2a and 11, the field T 
is an In field if the OF2 code number is 01 and 
is an Out field for any other OP2 number. 
Therefore, the control of the tubes 14, 15 and 27 
in Fig. 76c includes an A side OP2 tree (Fig. 76e) . 
The input of this tree is at +150 v. The output 
OP-01 (also see Pigs. 46 and 46a) of the OP2 
tree in Fig. 76e goes to the suppressor of a tube 
1 3 in Fig. 76e, while the output OP0 of the tree goes 
to the suppressor of a tube 14. Thus, if the OP2 
code indicates that T is an In field, then tube 
1 3 is conditioned while if the OP2 code indicates 
that T is an Out field, then tube 14 is conditioned. 
The positive "a" signal (Figs. 76b and c) is am- 
plified by 33, 31 and 32 in Fig'. 76c and by 30, 35 
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75 and 35 in Fig. TSd. The resulting positive "a" 
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pulse is applied to the control grids of tubes 13 
and 14 in Fig. 76e, causing the conditioned one 
of these tubes to become conductive. If 13 con- 
ducts, its output is inverted by 6 to a positive T 
"in" A pulse which renders 27 in Pig. 76c con- g 
ductive. The output line TA of the tube 27 goes 
down in potential, heating the A side of the T 
portion of the In field designating circuit in 
Fig. 61. If tube 14 in Fig. 76e is conditioned, 
then the applied "a" positive pulse renders 14 io 
conductive, and its output in inverted by 12 to a 
positive T "out" A pulse. This pulse makes 14 
and 15 in Fig. 76c conduct, so that their outputs 
ITA and 2TA go down in potential, heating the 
A side of the T portion of the Operational Sign j 5 
circuit (Fig. 60). 

The heating of the Operational Sign and In 
code permutation circuits has no effect during 
the first run because the sequence subflelds s are 
now at zero. 2 o 

15b. Heating the A sides of the pilot units se- 
lection trees. — The heating of the A sides of the 
trees, shown in Figs. 54 to 58 and explained in 
Section 15, is under control of the "a" signal, as 
described below. 

The positive "a" pulse from amplifier 33, 31 
and 32 in Fig. 76c also is applied to tubes 4, 5, 8, 
7, II, 12, 13, 15 and 21 in Fig. 76a\ If T is an 
In field, the positive T "in" A pulse is produced 
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as explained before and is also applied to 14 in 
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Fig. 76d, but if T is an Out field, the positive i 
"out" A pulse is produced and is applied to 10. 
The mentioned tubes become conductive and 
their outputs heat the A sides of the indicated 
P, Q, R, T, U and V branches of the OC-ES to 
Int trees (Fig. 57), and the IC-Int to ES trees 
(Fig. 58) . 

As previously described, a positive "o" pulse 
was produced by amplifier tubes 35 and 36 in 
Fig. 76a" and the pulse was applied to tubes 13 
and 14 in Fig. 76e in order to render one of 
these tubes conductive, depending on whether 
the OP2 tree was in 01 status or in any other 
code number status. This same "a" pulse is 
also applied to tubes 7, 8, 9, 10, II, 15 and 16 
in Fig. 76e so as to render any of these tubes 45 
which have been conditioned, in a manner soon 
to be explained, to become conductive. The 
tubes 7, 8, 9, 10, II are conditioned under con- 
trol of zero filters of the V, U, R, Q, P sequence 
fields, respectively. The tubes 15 and 16 are 50 
conditioned under control of the OP2 tree, on 
the A side, and T zero filters. The zero filter 
has been described before in Section 11 and is 
shown in Fig. 44. In Fig. 76e the zero filters 
are shown diagrammatically as boxes and the 55 
field controlling the zero filter is marked inside 
the box along with the letters ZF. The zero fil- 
ter permits a circuit to be made therethrough 
if the subfield r of the field relating to the zero 
filter has any significant digit. In other words, 60 
if this subfield r is at zero, then the zero filter 
will not allow a circuit to be made through the 
filter. If the P, Q, R, U and V subflelds r are 
not at zero, the tubes II, 10, 9, 8 and 7 are con- 
ditioned to be rendered conductive by the ap- 
plied "a" pulse. Likewise, if the T subfield r 
is not at zero, the tube 15 is conditioned if the 
OP2 tree (A side) is set at 01. On the other 
hand, if this tree is set at any other number, 70 
then the tube 16 is conditioned. The applied 
"a" pulse therefore will render either the tube 
15 or 16 conductive. The outputs of tubes 7, 
8, 9, 10, II, 15 and 16 are coupled by inverters 
I, 2, 3, 4, 5, 18 and 17, respectively, to the lines 75 
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designated by the identifying letters of the fields 
followed by the small letters zf, with the further 
identification of the lines relating to the T field 
as "out" and "in" lines. Positive pulses there- 
fore will appear on these lines if the tubes con- 
ditioned through the zero filters become con- 
ductive. The positive pulses are applied to 
tubes I, 2. 3, 8, 9, 16, 17, 18, 19, 20, 22, 23, 25, 
26 and 27 in Fig. 76<Z causing these tubes to con- 
duct and heat the A sides of the P, Q, R, T, U 
and V branches of the indicated sequence stor- 
age trees IC-ES to In (Fig. 56), IC Presense 
(Fig. 55) and OC-Out to ES (Fig. 54) . 

Inasmuch as only SI and S2 sequence data 
have been set up for the first run, of sequence, 
the sequence storage subflelds r now stand at 
zero and the zero filters will not allow circuits 
to be made therethrough. Consequently for the 
first run, the IC-ES to In, IC Presense and 
OC-Out to ES trees are not heated. 

The OC-ES to Int (Fig. 57) and the IC-Int 
to ES trees are heated because their heating 
circuits are not made through zero filters. How- 
ever the T tree of the IC-Int to ES group is 
not heated because the OP2 trees are in zero 
status during the first sequence run. 

16. The SCM and al signals. — When trigger 
I6W (Fig. 78i) is restored (Item 14) it applies 
a negative going pulse to a wire 120 which leads 
to trigger I3X (Fig. 78j), turning this trigger. 
Trigger I3X thereupon, through I4X, produces 
a positive SCM signal on wire 121. The SCM 
signal is inverted by 25Z (Pig. 78fc) to a negative 
impulse effective to turn 22Z. 22Z then cuts 
off 19 of couple 19 — 19a. At this time, 19a also 
is held at cut-off by 26Z, so the lock couple now 
is. effective to apply increased potential to 20Z 
which in turn produces the negative a I signal 
on wire 122. This signal a I which is produced 
substantially simultaneously with the "a" sig- 
nal, is transmitted to I and 7-9CF (Fig. 76a) 
which apply increased potential to tubes 13, 14, 
15, 16, 19, 20, 21, 22, 26, 27 and 31 rendering 
all of these tubes conductive to heat the A sides 
of the Q, R and SHI shift code circuits (Figs. 
62 and 63) and the A side of the OP I pyramid 
(Fig. 59) . The shift code circuits are all at zero 
during the first run and their heating has no 
consequence. For the present, we need con- 
sider only the OP I pyramid which now is in 
zero status. Hence, the OP00 terminal now is 
at reduced potential. 

17. The "No Op" control and the Ink signal— 
The 00 terminal of the OP I pyramid (Fig. 59) 
connects to 14-1 6CF (Fig. 77a). Since this ter- 
minal now is at reduced potential, 14-ISCF is 
cut off and through 18, produces a negative No 
Op signal on wire 123. This signal goes to the 
NO (no calculator operation code) commutator 
spot (Fig. 78c) where it cuts off 13 of couple 
13 — 13a. The positive SCM signal (Item 16) on 
wire 121 (Fig. 78j") also is applied to and turns 
on tube la of couple I — la in the P spot (Fig. 
78c), releasing the couple to produce a negative 
impulse which reverses trigger 5P in the Ink de- 
lay circuit. The next AP pulse restores 5P which 
thereupon turns 6P. The next following AP 
pulse restores SP to cause it to turn 7P. The 
succeeding AP pulse restores 7P. During the 
AP pulse interval in which 7P is in turned 
status, it acts through parallel 10 and IIP to 
produce a negative Ink signal on wire 1 25. This 
signal cuts off 13a of the couple 13 — 13a. Pre- 
viously, 13 of this couple was cut off by the No 
Op signal. Accordingly, when 13a also goes 
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off, the couple is effective through 14 to turn 
I8NO, which may be called the gate of the NO 
commutator. It is to be noted that 5P, 6P and 
7P constitute a delay counter which provides a 
short delay between the heating of the OP I 
pyramid under control of the a* signal (Item 
16) and the production of the Ink signal. This 
delay insures time for the operation code to be 
read out before the Ink signal tests for the op- 
eration which has been read out. Where no 
operation has been called for by the OP 1 or 
OP2 tree, the No Op signal first cuts off 13 and 
the Ink signal then tests this condition by cutting 
off 13a. As 13 has been cut off, the result here 
is that I8NO is turned. With I8NO turned, it 
is effective via 27NO to condition 25NO. 

18. The STRD2 pulse. — When the S trans- 
mission delay counter in 3 CP (Pig. 75e) com- 
pleted a second cycle of the first order, it re- 
stored I8-3CP (see Item 12), whereupon 18 20 
turned 12. At completion of a third cycle, 23 
restores 12. The latter thereupon reverses II. 
Upon completion of a fourth cycle, 23 restores 
II, which turns triggers 10 and 16. These are 
restored by 23 at the end of a fifth cycle. 16 
thereupon acts through 28 to produce a positive 
STRD2 pulse on line 126. This pulse appears 
some 25 ms. after the STR pulse (see Item 5) 
and about 15 ms. after the STRDI pulses (Item 
12). 

When trigger I0-3CP restored, it switched 
trigger 9 which is returned by the next BP pulse. 
In returning, 9 restores 8 previously switched 
(Item 12) under control of the signal STR. 
With 8 restored, it turns on 14 of couple 14 — 14a, 
interrupting response of the couple to the ap- 
plied EP pulses. Accordingly, actuation of the 
delay counter in 3CP ceases. Also, when 1 0-3CP 
returned, it restored 24. Thus, the delay coun- 



ES7 and Out to ES8 to the conditioned tubes, 
causing entry of the selected, next line of se- 
quence into the electronic storage units 7 and 
8. The relays AOR were deenergized (Item 5) 
to maintain the circuits of the previously ener- 
gized AOP relays. The AI relays were then 
dropped (Item 13). An "a" signal was emitted 
(Item 14) to heat the A sides of certain se- 
quence storage permutation circuits (Pigs. 54 to 
63) . An SCM signal was produced (Item 16) 
causing the a I signal to be emitted. This signal 
heated the OP I tree, now set to zero. Conse- 
quently, a No Op signal was produced (Item 17) 
which along with a slightly delayed Ink signal 
caused the gate trigger 1 8 of the NO commutator 
(Pig. 78c) to be opened, whereby 25NO is condi- 
tioned. 

The sequence data, selected by the A side of se- 
quence storage and now applied to the entry gates 
of tubes Out En (Fig. 21) of electronic storage 
units ES7 and ES8 will be entered into these 
storage units and transmitted therefrom into 
the now opened B side of sequence storage. The 
manner in which the sequence data entry is com- 
25 pleted and then transmitted to the B side of se- 
quence storage will be explained below. Opera- 
tions will be explained, in the main, with refer- 
ence to electronic storage unit ES7, since the 
operations with respect to ES8 are similar. 
30 20. Dial switches DSIS and DS2S. — The func- 
tions of these dial switches DSIS and DS2S ha^e 
been explained in Section 15. Briefly reviewed, 
these switches are set to select the pilots whose 
associated electronic storage units receive the real 
35 lines of sequence and to transmit these lines to 
sequence storage. It has been assumed that elec- 
tronic storage units ES7 and 8 will be used for 
this purpose, with ES7 to handle SlSeq data 
and ESS to handle S2Seq data. On this as- 



ter and allied elements are now back in their 40 sumption, the sequence data were applied to Out 



original conditions. 

19. Dropping AIR. — The positive STRD2 pulse 
on wire 126 (see Item 18) acts through 23a (Pig. 
75d) to turn 28-4CF which then applies high po- 
tential to 27a, releasing the couple 27 — 27a in 45 
4CF. Consequently, 26a is cut off and line air 
falls in potential, so that lines airr (Figs. 77d 
and 36) rise and relays AIR (Fig. 36 and Item 
14) are dropped. 

RECAPITULATION 50 

To summarize, the relay AM and relays AS were 
energized (Item 1), opening the A side of se- 
quence storage. The artificial line of sequence, 
comprising manually chosen SI, S2 codes was 
entered in the A side of sequence storage (Item a ° 
4), selected relays AI and AOP being energized 
through points of AS. The start key SKS was 
then operated to produce the Sequence Trans- 
mission Signal STR (Item 5). The relays BM 
and BS were then operated (Item 6) to open 
the B side of sequence storage. Relay XI was 
energized (Item 7) to ground the A side of the 
SI and S2 trees, to effect selection of the next 
line of sequence data. In the assumed example 
(Item 8) , stations I and 10 of tape storage bank 1 
were selected and applied the next line of se- 
quence data, along with forward signals, to Out 
bus-sets 7 and 8. Data applied to the Out bus - 
sets is manifested by selectively increased po- 
tentials which are applied to related sets of tubes 
Out En (Pig. 21) of the electronic storage units 
ES7 and ES8 (Fig. 22) to condition these tubes 
(Section 6). Thereafter (see Item 24b), pilot 



bus-sets 7 and 8 (Item 8). On the same as- 
sumption, DSIS and DS2S are adjusted to 7 and 
8, respectively. 

Considering dial switch section I (Pig. 54) of 
dial switch DSIS, it produces signal OC07 to cut 
off tube 12 of the couple 12— 12a in Section ECP 
(Pig. 80e) of pilot unit 7. 

With regard to section 2 of DSIS (Fig. 55) it 
produces the cut off signal PRES7, cutting off 
16 of 16— 16a in 5 CP of pilot unit 7. With re- 
gard to section 3 of DSIS (Fig. 56), it produces 
cut off signal ICIS7, cutting off 32 of 32— 32a in 
5CP of pilot unit 7. The cutting off of tubes 12, 
16 and 32 in 5 CP of pilot unit 7, conditions this 
pilot unit for control by the main commutator to 
cause the SI -selected sequence data SlSeq to be 
entered in electronic storage unit ES7, as will be 
described in Item 246. 

In a similar manner the sections I, 2 and 3 of 
dial switch DS2S,iset at 8, produce signals OC08 
(Pig. 54) , PRES8 (Fig. 55) , and ICIS8 (Fig. 56) 
cutting off the tubes 12, 16 and 32 in 5CP of pilot 
unit 8. Consequently, pilot unit 8 is conditioned 
for control by the main commutator to cause the 
65 S2 -selected sequence data S2Seq to be entered 
in electronic storage unit 8. 

21. The OCO, PS, NPE and SPR commutator 
signals.— Trigger I3X (Fig. 787) was turned (Item 
16) under control of trigger 16W (Fig. 780 to 
produce the SCM and a I signals. This caused 
the OP I tree to be heated, and also, after a slight 
delay, caused I8NO (Pig. 78c) to be turned, in 
view of the initial setting of this tree to 00 (see 
Item 17) . The next AP pulse occurring after 1 3X 
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units 7 and 8 will apply the entry signals Out to 75 is turned, restores. 1 3X. . In restoring, I3X is 
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effective to turn 9X. The next AP pulse restores 
9X. As 9X restores, it turns 5X and I7X. Trig- 
ger 5X, turned, applies reduced potential to IX 
and 2X, cutting them off. The increased anode 
potential of IX is inverted and amplified by 29X 5: 
and 30X, producing a negative OCO signal. 

At the same time, 2X, being cut off, produces 
a positive PS signal. 

The trigger I7X, turned, serves through in- 
verter I5X to apply increased potential to a grid 10 
of 25X. The other controlling grid of 25X is al- 
ready conditioned by 27X in its initial status. Ac- 
cordingly, 25X now conducts and turns 26X 
which thereupon is effective via I9X and ampli- 
fiers 3 1 and 32 to produce negative SPR and NPR 15 
signals. 

The next AP pulse restores 26X which there- 
upon restores 1 7X and turns 27X. With ( 7X re- 
stored and 27X turned, tube 25X is again non- 
conductive. 27X remains turned so as to keep 20 
25X de-conditioned until an ATD signal (Item 
38) is produced. The signals NPR and SPR are 
of one AP pulse cycle duration as trigger 2'6X is 
reversed only for that length of time. The NPR 
signal is applied to all the pilot units to be uti- 25 
lized by those pilot units which are conditioned 
for piloting transmission of data other than se- 
quence data out of electronic storage units. The 
SPR signal also is common to all the pilot units 
but is used only by the pilot units conditioned to 30 
pilot entry and transmission of sequence data; 
specifically by pilot units 7 and 8 in the assumed 
example. Either signal will be used by a pilot 
unit to produce its individual pilot signal PRE 
(explained in later Item 23) . 35 

22. The OCO signal control of SE and AE re- 
turn signals and of 32-2CP. — The negative OCO 
commutator signal (see Item 21) cuts off 12a of 
the couple 12 — 12a in 5 CP (Pig. 80e) of each pilot 
unit. Those couples 12 — 12a which also have had 40 
their elements 12 previously cut off by OCO tree 
signals thereupon produce increased anode po- 
tential. In the case under present discussion, 
only the pilot units 7 and 8 have had their ele- 
ments I2-5CP cut off (Item 20) and when the 
companion elements 12a are cut off under con- 45 
trol of the OCO commutator signal, the couples 
12 — 12a of these pilot units 7 and 8 rise in anode 
potential. For simplicity, the following detailed 
discussion deals with pilot unit 7. When 1 2 — 1 2a 
in 5CP (Fig. 80e) rises in anode potential, it 50 
renders 1 1 conductive causing it to cut off 1 0 so 
as to produce a positive OCS7 signal on the wire 
130. This signal is transmitted to the control 
grid of coincidence tube 32-2CP (Pig. 80b) of 
pilot unit 7. 55 

Also, the OCS7 signal, through 26-2CP turns 
trigger 25-2CP. As trigger 25 turns, it applies 
increased potential via wire 131 to 18a- 1 CP (Pig. 
80a), causing this element to reverse trigger 
21-1 CP. Trigger 21 now applies increased po- 60 
tential to 33a and also by way of hand switch 
ISQ in Seq position to a tube 33. Accordingly, 
these tubes are rendered conductive to apply de- 
creased potentials to output wires se and ae. 
These wires connect, respectively, to amplifiers 65 
37 and 38 which must be conductive to produce 
effective negative SE and AE signals to the main 
commutator. As wires se and ae are now down 
in potential, 37 and 38 are cut off and the SE and 
AE signals are blocked. Attention is called to the 70 
fact that the wires se and ae are respectively 
common to the tubes 33a and 33 of all eight pilot 
units. Accordingly, wire ae will remain at low, 
ineffective potential as long as any of the tubes 
33a remains conductive. With regard to the 75 
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tubes 33, their grids may be connected to the 
grids of the adjacent tubes 33a through the re- 
lated pilot unit switches ISQ. However, only the 
switches ISQ in those pilot units which are being 
used for piloting sequence data are placed in 
seq position, the others being left in norm posi- 
tion, m the example under discussion, therefore, 
the switches ISQ of pilot units 7 and 8 alone will 
be in seq position so that only in these two pilot 
units will the tubes 33a and 33 be simultaneously 
rendered conductive upon the reversals of re- 
lated triggers 21-1 CP and simultaneously ren- 
dered non-conductive upon the resetting of the 
triggers 21. It is seen therefore that the poten- 
tial on the line se is under control of the tubes 
33 in pilot units 7 and 8 which are being used 
for sequence data entry and transmission. In 
short, all the pilot units control the production 
of the signal AE (all entry) while only those pilot 
units used for sequence data entry and transmis- 
sion control the production of the SE (sequence 
entry) signal. 

23. The control of the pilot units oy the SPR 
and NPR signals. — The negative signals SPR and 
NPR were produced by the main commutator 
along with the signals OCO and PS (see Item 21) . 
The control by signal OCO of the pilot units was 
explained in Item 22. Control of the pilot units 
by signals SPR and NPR will now be explained. 
Either the signal SPR or NPR will be applied to 
the tube f>6a, Pig. 80e, of a pilot unit, depending 
on the position of the pilot unit hand switch 5SQ. 
If the pilot unit, such as Unit 7, is being used to 
pilot sequence data, then its switch BSQ is set 
to the seq position, but if the pilot unit is being 
used to pilot other data, then its switch is set to 
the norm position. In the full line position of the 
switch, it conducts the signal SPR to tube 16a 
of the pilot unit, while in the dotted position of 
the switch it conducts the signal NPR to the tube 
16a. In the example under discussion, pilot unit 
7 is being used to pilot sequence data. There- 
fore, its switch 5SQ is in full line position and 
the negative signal SPR cuts off 16a, Pig. 80e. 
As previously described, the companion tube 1 6 is 
also cut off since wire PRES7 is now adjusted to 
ground potential (see Item 20) . Accordingly, 
upon 16a being cut off, the couple 16 — 16a is 
effective via 1 5 and 1 3 to produce a positive PRE7 
signal on the wire 133. This signal renders 36, 
Pig. 80c, conductive, causing it to turn 30. 

The turning of trigger 30, Pig. 80c, under con- 
trol of the PRE signal causes 29-3CP (Pig. 80c) 
to be turned. With 29 turned, it cuts off 24a 
of couple 24 — 24a, for a reason which will be 
explained in Item 31, dealing with the transmis- 
sion of sequence data from an electronic storage 
unit to sequence storage. 

Further, reversed 3 0-3CP (Pig. 80c) applies in- 
creased potential to 35 and also, via switch 4SQ, 
in seq position, to tubes 35a, 23a and 17. Tube 
17 is thereby conditioned for a purpose brought 
out in Item 32. Tubes 35 and 35a are rendered 
conductive to cut off tubes 44 and 45, respectively. 
This prepares tubes 44 and 45 to produce the 
negative pilot signals AT and STR when 30-3CP 
later is restored (Item 33). Tube 23a, by being- 
rendered conductive, blocks turning of 1 0-3 CP 
which otherwise would occur when an RDL sig- 
nal is produced in a manner described in Item 
31. The turning of 10 would produce a reset sig- 
nal on bus 82 of In bus-set 7 which signal has 
no purpose in connection with transmission of 
data to sequence storage. 

24a. The forward signal delay counter.— It was 
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explained In Item 8 that aiSeq data has been 
applied along with the forward signal to Out bus- 
set 1. The forward signal is applied to bus 81 
of the Out bus-set 7, This signal which origi- 
nates at the +150 v. line (see Pigs. 23, 29, 32a 
and 35b and Section 9) goes to a grid of switch 
tube I3-2CF (Pig. 80b) . In order for the for- 
ward signal to render tube 13 conductive, the 
tube must have been previously conditioned un- 
der control of a signal FSR. Referring to Pig. 
78i, the signal FSR is produced each time a trig- 
ger 28W is turned. This will normally occur fol- 
lowing the fulfillment of three conditions: (1) 
The completion of the scanning sequence of com- 
mutator spots P, Q, R, T, U and V (Figs. 78c 
to 78k) ; (2) The production of the AED signal 
which occurs under control of and about 16 ms. 
after the AE signal (see Item 27) ; and (3) The 
production of the signal STRD1 which follows 
the STR signal by about 10 ms. (see Items 12 
and 39). 

In the initial situation which characterizes the 
first run of sequence, the trigger 29W is turned 
at the very start under control of the first AP 
pulse within the main commutator. This pulse 
turns 2 4W which causes 29W to turn and there- 
upon the latter acts through 7W to produce a 
positive FSR signal. 24W remains turned, but 
2 JW Is restored by the next AP pulse. The sig- 
nal FSR, one AP pulse cycle in duration, is trans- 
mitted to I9-2CP (Pig. 80b) of each pilot unit 
causing 18 to become conductive so as to re- 
verse the trigger 7-2CP. As a result, the turned 
trigger 1 conditions tube 13. Hence, when the 
forward signal Is applied to this tube it becomes 
conductive and cuts off 20 of couple 20 — 2Ba 
rendering the couple responsive to AP pulses 
continually applied to 20a. The couple now acts 
through 22-2CP to transmit negative AP phase 
pulses to the input 132 of the PS (forward signal) 
delay counter. As now understood, the first five 
pulses effect a cycle of elements 14, 15, 1 6, ! 7 and 
18. As it restores at the end of this cycle, it 
turns 23-2CP. A second cycle of the counter is 
effected and at the completion of this cycle the 
negative pulse from (8 restores 2.3. As 23 re- 
stores it produces a negative signal FSD which 
may "be called the Forward delay signal. This 
signal turns 8. The following BP pulse restores 
8 which thereupon restores 7^2 CP which has been 
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As will be brought out in the next Item (246), 
when 25 is reset it brings about the production 
of a cancel signal and entry signal for the elec- 
tronic storage unit. The delay signal FSD may 
5 occur before, after, or simultaneously with the 
OGO signal and its resulting mixed signal OCS. 
This depends on varying factors which enter into 
the production of a forward signal. The pro- 
duction of a forward signal, as now understood, 
10 accompanies the application of digit signals from 
a selected data source to an Out bus-set. The 
selection of a data source is made by Out se- 
quence storage circuits, when these circuits are 
heated by the closure of contacts of heating re- 
15 lays XI, X2 . , . X6 or Yl, Y2 . . . Y6. Upon 
the sequence storage circuits being heated, they 
pick up group and unit out relays or in the ease 
of dial storage, pick up group out relays alone 
(see Section 8). The group and unit out relays 
may be called the read-out relays and these close 
their points to establish paths for the digit sig- 
nals and the Forward signals to the selected Out 
bus-sets from the selected data sources. In the 
case of relay storage and dial storage or the like 
the data sources are in condition to transmit 
the digit signals and the Forward signals as soon 
as the group and unit out relays close their 
points. In the case of tape storage, a tape may 
be still in motion at the time that a group-out 
and station selector close their relay points and 
the readout circuits will not be established until 
a designation line of the tape arrives at the sens- 
ing position. The Forward signal in that case 
may occur a varying time after the operation of 
3d the group out and station selector relays. In 
the case of the table look-up operation, special 
means are provided as will be explained in Sec- 
tion 22 to produce a Forward signal when a de- 
sired tape argument has been looked UP and 
40 checked. The Forward signal in that case may 
occur a chance time later than the operation 
of the heating relays for the table look-up group 
outs and table outs. It is clear then that the For- 
ward signal may occur at varying chance times 
after the operation of the heating relays for the 
45 Out secmence storage circuits. The operation of 
the heating relays X I , X2 and XM occurs upon 
the production of the STR sirnal. The opera- 
tion of the heating relays X3, X4, X5 and X6 oc- 
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curs sorre two AP pulse cycles after the STR 

turned under control of the signal FSR acting 50 signal. It is seen, therefore, that a Forward sig- 

th rough IS-"2CP. Now with 7 restored, it de- nal from a selected ^o^rce may occur at a variable 

conditions 13 so that 20 becomes conductive and time after the FTR signal. 

interrupts transmission of AP pulses bv the cou- The OCO signal and the signal OCR timed 

pie 20-—20a to the forward signal delay center thereby occur about a mill'second after the 

which will remain in its restored status at the 55 STRD I signal which follows the STR signal by 



end of the second- cycle. The FS delay counter 
provides a delay in the order of 2 ms. from the 
Eorward signal to the delay signal FSD,. 

The signal FSD also turns 35-3CP. which 
thereupon renders 29 conductive, causing 28 to 60 
turn. The next AP pulse resets 28, causing it to 
turn 34. Turned 34 cuts off 33. Tube 33a is cut 
off unless the pilot unit has been operated to 
store a transmission control signal ICI (see Item 
32). In the instant situation, it may be safely 65 
assumed that 33a is at cut-off when 33 is cut 
off. The couple 33— :33a becomes effective to sup- 
ply increased potential to the suppressor of 33. 
It has been assumed that the OCS signal as timed 
by the OCO signal preceded the delay signal F P D 70 
and has already turned 25 and is conditioning 
32 (Item 22>. Hence when the suppressor of 32 
receives increased potential under control of the 
signal FSD, 32 conducts and turns 31. The next 



about ten ms. (see Item 21) . The Forward sig- 
nal delayed pulse FSD, which follows the For- 
ward signal by about 2 rrs., may occur prior to, 
simultaneously with, or subsecmently to the OCS 
signal. If, as assumed before, the OCS signal 
comes first, it causes 25-2CP (Fig. 80b) to turn 
and it also causes 32 to be conditioned. The 
signal FSD then coming along will cause 32 to 
conduct and through 31 return 25, as previously 
described. On the other hand, if the signal FSD 
comes before the OCS signal, it acts through 35 
and 29 to turn 28 which thereupon functions to 
make 26a conduct and apply a negative impulse 
via the anode resistor of 28 to trigger 25, turn- 
ing this trigger to cause the SE and AE return 
signals to be blocked. Also, as before, 28 is re- 
stored by the next AP pulse and turns 3* to cut 
off 33 and with 33a also cut off , 3Jt is conditioned. 



AP pulse restores 31 which thereupon resets 25. 75 The OCS signal coming along later, will render 
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32 conductive causing 31 to turn and the next 
pulse, returning 31, causes the latter to restore 
25. If, as may possibly happen, the OCS signal 
and the FSD signal occur simultaneously, then 25 
is turned under control of either signal. Two AP 
pulses later, 3 1 functions to reset 25. The effect 
of resetting 25 is described in the next item. 

24b. The sequence data entry into electronic 
storage. — In the preceding item it was explained 
that 25-2CP (Pig. 80b) was turned and returned 
under joint control of the signals PSD and OCS. 
Upon 25 restoring, it applies a positive going 
pulse via wire 132 to inverter 1 8- 1 CP (Fig. 80a) 
which thereupon turns 22 and 1 4 in I CP. 

The electronic storage unit cancel signal. — 
When 22-1 CP turns, it renders conductive 16a 
of normally non-conductive couple 16 — 16a, 
causing it to act through an amplifier 4 to pro- 
duce the cancel signal ESCT (see also Figs. 21 
and 22) as a result of which electronic storage 
unit 7 is canceled. 

The electronic storage unit entry signal Out 
to ES. — When 14-ICP is turned, it cuts off nor- 
mally conductive tube 7-1 CP, which, through 
amplifier 1-1 CP, produces the negative signal Out 
to ES7 (Fig. 22). This signal is inverted by an 
amplifier tube 10 (see Fig. 21) to a positive Out 
to ES7 signal which is applied to the control grids 
of all the entry tubes Out En (Fig. 21) of elec- 
tronic storage ES7. Those entry tubes which 
have been conditioned by digit representative 
potentials on Out bus-set 7, thereby become con- 
ductive and reverse the associated digit storing 
triggers of ES7 as soon as the cancel signal ESCT 
terminates (see Section 6). In the example un- 
der discussion, Out bus-set 7 is carrying the 
SISeq data applied to it by station I, tape stor- 
age bank 1, as described in Item 8. Accord- 
ingly, the entry tubes Out En of ES7 are being 
conditioned by Out bus-set 7 according to the 
digits in the selected SISeq data. These condi- 
tioned tubes will be made conductive by the posi- 
tive entry timing signal Out to ES7 and the S I Seq 
data will enter EST, when the cancel signal ESCT 
ends. 

The cancel signal (ESCT) started with reversal 
of 22-ICP (Fig. 80a) upon restoration of 25-2CP 
at AP pulse time. The next AP pulse restores 
22, terminat'ng the cancel signal. As 22 re- 
stores, it turns 2T. The next AP pulse returns 
27 which thereupon restores 14, terminating the 
entry timing signal (Out to ES7). It is seen 
that the cancel and entry timing signals start 
simultaneously but the entry timing signal out- 
lasts the cancel signal by one AP pulse cycle. Ac- 
cordingly, the conditioned entrv tubes Out En 
(Fig. 21) remain effective, after the unit has been 
reset, and cause entry of the related data (SISeq 
data) into the electronic storage unit. 

It is clear from the foregoing that 2 5-2 CP 
(Fig. 80b) of a pilot unit has to be reset to ini- 
tiate the cancel and entry signals for the cor- 
responding electronic storage unit. One factor 
in resetting 25-2CP is the OCS signal timed by 
the OCO signal (Item 22). The other necessary 
factor is the delay signal FSD produced by the 
FS delay counter in 2CP about 2 ms. after the 
Forward signal. As explained in Item 24a, if the 
OCS signal should come first, electronic storage 
reset and entry still will await the forward delay 
signal FSD. If the forward delay signal FSD 
should come first, electronic storage cancel and 
entry signals will await the OCS signal. In any 
event, resetting of 25-2CP occurs no sooner than 
2AP Dulse cycles after the PSD signal, and the 
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entry signal does not become exclusively effec- 
tive until IAP pulse cycle later or 3AP pulse cy- 
cles after the FSD signal. The forward signal 
accompanies the application of digit signals from 

5 a selected value source to an Out bus-set which 
transmits the digit signals to the entry tubes 
Out En of the corresponding electronic storage 
unit. The - forward signal circuit and the digit 
signal circuits are made through relay points. 

10 The exact concurrence of the closures of differ- 
ent relay points is difficult to obtain and, hence, 
the forward signal may occur as much as nearly 
2 ms. before the occurrence of the digit signals. 
Nevertheless, the entry signal Out to ES does 

15 not become effective, as explained before, until 
about one ms. after the FSD signal which fol- 
lows the Forward signal by some 2 ms. This al- 
lows a minimum of about 1 ms. between the 
closure of the digit signal circuits and the oc- 

20 currence of the entry signal. In other words, 
the entry signal (Out to ES) will not be applied 
to the entry tubes (Out En) until at least about 
1 ms. after the digit signals have been applied 
to these tubes. This is more than sufficient to 

25 allow electrical transients and talk across the 
buses by the digit signals, to die out before the 
entry timing signal is effective. Such transients 
may momentarily fail to condition the proper 
tubes, while the cross talk may momentarily con- 

30 dition the wrong entry tubes (Out En) . By de- 
laying the entry timing signal until the transients 
and cross talk have disappeared, incorrect en- 
tries into the electronic storage units are pre- 
vented. 

35 The move signal. — Going back to Fig. 80a, 
the restoration of 2 7- 1 CP which was explained 
before, in addition to restoring 14 to terminate 
the entry timing signal (Out to EST) turns trig- 
gers 13 and 20. With 1 3 turned, it serves through 

40 normally conductive tube 8 and amplifier 2, to 
produce a negative going station move signal 
(SMST). This signal is applied to bus 82 of the 
Out bus-set related to the pilot unit. In a man- 
ner which has been described in Section 9, the 

, 15 Move signal is effective to cause the selected tape 
storage station, which has read out its data upon 
the Out bus-set, to be advanced one line space. 
In the example under discussion the Move signal 
SMS7 is applied by pilot unit 7 to bus 82 of 

50 Out bus-set 7; and station I, tape storage bank 
1, which has read out a line of data to Out 
bus-set 7, is line-spaced under control of this 
Move signal. It is clear from the foregoing that 
the Move signal and the resulting line spacing 

55 of a tape storage station occur after the data 
from the tape station have been entered into the 
selected electronic storage unit. 

25. Production of SE and AE return signals. — 
Under control of the OCO signal, 2 1- 1 CP (Fig. 

G0 80a) was turned (Item 22) and rendered tubes 
33 and 33a conductive to reduce potentials on 
lines se and ae, so as to block the SE and AE 
return signals to the main commutator. After 
entry of sequence data into electronic storage, 

65 it is to be transmitted therefrom to the then open 
side A or B of Sequence storage. At this time, 
the B side is open (Item 6), so the sequence 
data will be transmitted to this side. Trans- 
mission will be initiated by an AE return signal, 

70 produced upon the return of high potential to 
line ae. 

The line se is under control of the two pilot 
units (7 and 8) which are being used in con- 
nection with sequence data and both of these 
75 Pilot units must have detected the termination 
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of the entry of sequence data into the respective 
electronic storage units (7 and 8) before the line 
se can be returned to high potential. The line 
ae is under control of all the pilot units and 
will remain at reduced potential until all the 
pilot units have detected completion of entries 
into their respective electronic storage units. In 
the initial situation, only the pilot units 1 and 
8 are active, since only the entry and transmis- 
sion of sequence data are under consideration. 
Accordingly, when pilot units 7 and 8 have de- 
tected completion of sequence data entries into 
ES7 and 8, they will bring about the concurrent 
return of high potential to lines se and ae, and 
amplifiers 37 and 38 thereupon will become con- 
ductive to produce the SE and AE return signals. 
The restoration of 1 4-1 CP, in pilot unit 7, 
which terminates the Out to ES7 entry timing 
signal (Item 24b) signifies completion of entry 
of data into ES7. After a fractional millisecond 20 
delay, the tubes 33 and 33d of pilot unit 7 will 
be returned to off status. It was previously ex- 
plained, under the subheading The Move Signal 
in Item 24b, that triggers 1 3- 1 CP and 2 0-1 CP 
turned at the same tune that 1 4-1 CP was re- 25 
stored. The next AP pulse restores 20 which 
thereupon turns 19. The following AP pulse re- 
stores 19 which turns 25. The next BP pulse 
restores 25, which restores 13-ICP to terminate 
the Move signal SMS7. Further, as 25 returns, 
it restores 21-ICP (see Item 22) to reduce the 
potentials on 33 and 33a of pilot Unit 7. Assum- 
ing similar action in pilot unit 8, lines se and 
ae now return to high potentials, and amplifiers 
37 and 38 produce the negative SE and AE signals 
which respectively notify the main commutator 
that sequence data entry and all entries have 
been completed. Signals such as AE and SE f ram 
the pilot units may be referred to as pilot 
signals. 

26a. Scanning fhe pilot units.— While a new 
line of sequence data is tieing entered into elec- 
tronic storage, the main commutator spots, P, 
Q, R, T, II and V (Pigs. 78c to 787i) act succes- 
sively to scan the pilot units for their selection 
by the pilot units selection trees (Pigs. 54 to 
58) which are set in accordance with the digits 
in the b subflelds of the preceding line of se- 
quence data. The preceding line of sequence 
data is the one which is stored, in the present 
situation, in the A side of sequence storage and 
the new line of sequence data is the one which 
is selected by the A side according to the SI and 
S2 code numbers in the preceding line of se- 
quence data. The new line of sequence data 
was entered in the manner explained in Item 
24b in electronic storage units ESI and ES8. 
This new line of sequence data is to be trans- 
mitted from electronic storage to the other side 
B of sequence storage- Scanning is initiated by 
the PS signal, produced concurrently with the 
OCO signal (Item 21) which Initiated the .op- 
erations of the pilot units leading to data entry 
into electronic storage units. In Item I5g, it 
was explained that the -".a" signal brought about 
the heating of the A sides of the OC-ES to Int 
trees (Pig. .57) and the KMot to ES trees (Pig. 
58) . Since the first, artificial line of sequence 
data now in the A side of sequence storage, con- 
tains only the data S I and S3 (Item 4) , all the 
sequence storage trees, pyramids and permuta^ 
tion circuits, except the SI, S2 pyramids (Pig. 
50) , are in zero status. Since the OP2 .trees .age 
in zero status, the T tree of the OC-ES to Int 
group is Cheated while the T trae.of the 3C-3ht;jto 
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ES tree is not heated (see Item 15b) . The heating 
of title IC-Int to ES trees is not pertinent to the 
first rim of sequence. The heating of the OC-ES 
to Int trees results in the production of tree 
signals PbO, QbO, RbO, TbO, UbO and VbO. 
These signals cut off tubes 7, 8, II, 16, 15 and 
19 in the blank code chassis BC (Pig. 78L) for 
a reason which will be made clear in the follow- 
ing items. 

Also, the al signal heated the A side of the 
OPI pyramid (Pig. .59) as explained in Item 16. 
Since this pyramid is at zero status, trigger 1 8NO 
(Pig. 78C) was turned under control of the No 
Op and the SCM signals and is conditioning 
25NO (see Item 17). In other words with the 
OP tree set at zero, the "no operation" com- 
mutator NO is conditioned for action. 

26P, The P spot operation. — The PS signal 
(Item 21) is directed from the X spot (Pig. 78?') 
to the P spot (Pig. 78.c) where it is inverted by 
I.2P to turn trigger I C, The next AP pulse re- 
stores JS causing 20 ,tp turn. The second next 
AP pulse returns 20, causing 23 to reverse. Thus, 
Ms ms. after the PS signal, 23 acts through 4, 
and 2v and 26, in parallel, to produce a nega- 
tive going PI signal, Also with 23 turned, 
it applies conditioning potential to a grid of 24. 

The negative pj signal goes to all the pilot units, 
including units I to 8 (Pigs. 1 and .80a) and 
blank code pilot unit BC (Fig. 78L) , to test for 
the one selected by a Pb signal from the Pb 
brant h of the OC ES to Int trees (Fig. 57). 
In pilot units ( to .8, signal PI cuts oil tubes 2, 
Pig. .80e, but as none of the signals Pbl to 8 
has been produced, the tubes 2 a, Pig. 80e, are 
not cut .off , so that none of the pilot units reacts 
to signal P.I -In the BC pilot unit (Pig. 78L) 
signal PI cuts off 7a. Element 7 already is 
cut off, as explained in Item 26a, under control 
of the PbO (OC) ground signal from the OC-ES 
to Int tree (Fig. :57). Accordingly, 7— 7a upon 
receiving the PI .signal acts through 14 and 3 
to produce a positive PIL.OC signal. This sig- 
nal goes to the W spot (Fig. '78?) and is inverted 
by Art W to .a negative pulse which turns 2. The' 
next AP pulse restores .3 which then turns .2. 
The following AP pulse restores 2W put mean- 
while When this trigger was .turned it applied a 
negative going impulse to 1 which produced a 
positiye goingsignal PIL.OCC. -This -signal, which 
occurs about Mt ms, after the PIL.OC signal, 
goes to grids of all the coincidence tubes 24 in 
the p, Q, T, TJ and V spots of the main com- 
mutator (see Pigs, 78c to 78ft). As 24P is the 
only one which is conditioned at this time, the 
PIL.OCC signal is effective only on this tube, 
causing it to produce a negative P.OC signal. 
This signal turns 2:1 Q (Fig. 78f!) , Which may be 
called the .gate of the Q .spot- 

When 2-1 Q turns, it acts through ;25C3 to pro- 
duce a negative signal OP.OC. This signal is 
applied to the NO too operation) commutator 
(Fig. 78e)„ the accumulator operation commuta- 
tor ACC-C (Pig. 78A), the multiplication opera- 
tion commutator MKC (Fig, "78M) and the di- 
vision operation commutator Dv"C (Fig. 785)). 
Since no calculating operation "has been .called 
for by the OPI field of She "S'lSeq portion .of the 
first ..artificial line .of sequence, only the 'NO 
cbmmutator will respond to the OP.OC signal. 
The response results from the fact that as pre- 
viously explained (Item 17) , with no operation 
called for, 25NO is conditioned. ■.The negative 
QP.0C .signal js .amplified :and 'is inverted by 29 
and .30, .in parallel, to a positive pulse which 
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pulse restores 22, causing 23 to turn. 23, turned, 
conditions 24 and through 2, 30 and 31, produces 
the Rl signal which cuts off I la-BC (Pig. 78L). 
I I already is cut off by the Rb (OC) signal. Ac- 
cordingly, II— Ha is now effective through 18 
and 3 to produce the PIL.OC signal. As before, 
this results in a PIL.OCC signal which acts on 
the conditioned tube 24R (Pig. 78e) to render 
it conductive producing a negative signal R.OC 
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renders the conditioned tube 25NO conductive, 
causing it to turn 2 1 NO. The next AP pulse 
restores 2 1 NO causing it to turn 22. The follow- 
ing AP pulse restores 22 but, meanwhile, the 
latter when turned applied a positive pulse to 
26, rendering it conductive to produce a nega- 
tive back signal OP.BS. This signal is applied 
to the triggers 21 of spots Q, R, T, U, and V. 
As only 2IQ has been turned, the back signal 

OP.BS restores only this trigger. Upon 2IQ io which turns 2 IT (Pig. 78/), the gate of the T 



restoring, it applies a negative signal "to P" 
(turn off P) to 23P, restoring it to terminate 
the PI signal and the conditioning of 24P, 
thereby terminating the scanning step of the P 



spot of the main commutator. 

As 2 IT turns, it applies a positive going pulse 
to the tube 25T which produces the third OP.OC 
signal. Again this signal causes the NO com- 



spot. The restoration of 2IQ also initiates the 15 mutator (Pig. 78c) to produce the OP.BS signal. 



scanning operation of the Q spot. 

It is seen from the foregoing explanation that 
with subfleld Pb at zero, the PI signal from the 
commutator spot acted together with the PbO 



This signal restores trigger 2 IT. As 2 1 T restores, 
it emits a negative signal to R, which restores 
23R (Pig. 78e), terminating the R spot operation. 
26-1. The a.2 signal. — The successive oper- 



(OC) signal from the OC-ES to Int group of 20 ations of the P, Q, and R spots of the commutator 



trees (Pig. 57) to cause the blank code pilot unit 
BC to produce the PIL.OC signal immediately. 
Under control of this signal, the gate trigger 
2IQ of the Q spot was turned. When 21Q was 



in performing the OC steps have been described. 
In effect, these operations successively scanned 
the P, Q and R fields in the SISeq portion of a 
sequence data line. The progress of the P, Q, 



turned, it caused an OP.OC signal to be emitted, 25 and R steps was determined by which of the cal- 



to test the calculation operation control com- 
mutators for conditioning. Since the "no calcu- 
lation" commutator NO only, was conditioned, 
it responded to this OP.OC signal to send out, 



culation control commutators ACC.C, MY.C, 
DV.C and NO was conditioned under control of 
the OP I pyramid (Fig. 59). The OP I pyramid 
was heated by the ctl signal (Item 16) . Now that 



after one AP pulse cycle, an OP.BS back signal 30 the P, Q, and R commutator steps have been 



which restored 2IQ to terminate the OC scan- 
ning step of the P spot and initiate the scan- 
ning step of the Q spot. In effect, therefore, when 
no calculating operation is called for, the OP.OC 



completed, the a I signal is to be terminated. The 
next series of steps will be steps performed by 
the T, U and V spots of the commutator with 
respect to the S2Seq portion of the line of se- 



signal is followed with a minimum delay by an 35 quence data. The progress of the T, U and V 



OP.BS signal which calls the next commutator 
spot into operation. In brief, under the stated 
conditions where the subfleld Pb is at zero and 
no calculating operation is called for, the P spot 



steps will be determined in accordance with the 
setting of the OP2 pyramid (Pig. 59) . In order 
to bring this OP2 pyramid into control, it will 
be heated under control of an <x2 signal which 



operation is momentary and is followed almost 40 will be produced upon termination of the a I sig- 



immediately by a Q spot operation. This amounts 
to skipping the P sequence step. 

Similarly, under the present conditions, the 
operations of the Q, R, T, U and V spots will be 



nal. The OP2 code number will then be read 
out to determine which of the calculation con- 
trol commutators is to be conditioned. The pro- 
duction of the a.2 signal and the termination of 



momentary and equivalent to skipping steps 4S the a I signal is under control of the trigger 23R 



which follow one another in quick succession 
and skip the Q, R, T, U and V sequence steps. 
These operations will be explained" briefly below. 
26Q. The Q spot operation. — When 2IQ (Fig. 



of the R spot (Pig. 78e) . It will be recalled that 
this trigger is restored at the end of the R spot 
operation (Item 26R). 

As 23R returns, it applies a positive going im- 



78d) is restored, it also turns 22Q. One AP pulse 50 pulse by way of a capacitor 135 to the normally 



later, 22Q is restored and turns 23Q. 23Q then 
is effective to condition 24Q and also through 
2Q, 30Q and 3IQ to emit a negative Ql signal. 
This signal cuts off 8a-BC (Pig. 78L). Element 
8 has already been cut off by the QbO(OC) sig- 
nal (see Item 26a). Accordingly 8 — 8a pro- 
duces a positive impulse which through 12a and 
3 emits the PIL.OC signal. As before, this sig- 
nal is utilized by the W section (Fig. 78i) of 
the commutator to produce the PIL.OCC signal. 
This signal is effective to operate the conditioned 
tube 24Q (Fig. 78d) which produces the Q.OC 
signal. The signal is negative and acts to turn 
2IR, the gate of the R spot. As 21 turns it 
applies a positive going pulse to the tube 25R 65 
which produces the second OP.OC signal. Again 
the tube 25NO is rendered conductive and ini- 
tiates the operation of the one AP pulse cycle 
delay circuits 21 and 22. As before, the delay 



cut off tube 26 of the couple 26 — 26a in the R 
spot, rendering 26 conductive. The element 26a 
is normally cut off by I5R. Accordingly, upon 
26 becoming conductive, the lock couple applies 
S5 a negative pulse to 32R which produces a posi- 
tive going PR (finish of R spot operation) sig- 
nal. The signal renders I9NO (Pig. 78c) con- 
ductive causing it to produce a negative pulse for 
restoring 18 from its previously turned condi- 
tion (see Item 17). Accordingly, tube 25NO is 
deconditioned. In short, upon the finish of the 
scanning of the SISeq half of the sequence data 
line, the commutator NO is deconditioned. 

The positive signal PR also acts through IP 
(Pig. 78c) to turn 5 which is the first trigger of 
the Ink delay counter. In other words, the FR 
signal starts the Ink delay in operation again to 
produce the Ink signal (see Item 17) . One pur- 
pose of the Ink signal is to test the different 
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circuit through 26 produces the OP.BS signal 70 commutators NO, ACC.C, DVC and MYC for con- 
which restores 2IR. As 2IR restores it emits ditioning by the OP I and 2 pyramids, 
a negative signal to Q which restores 23Q, ter- The positive signal PR also goes to the Z spot 
minating the Q spot operation. (Pig. 78fc) and is inverted by 25a of this spot 

26R The R spot operat ion.— Upon 2IR (Fig. to a negative going impulse which turns trigger 
78e) restoring, it also turns 22. The next AP 75 26Z. 2 6Z now renders 19a conductive, terminat- 
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ing the a I signal (see Item 16). Furthery i«Z by the Impulse received from 24V. The next AP 

is now applying cut off potential to 27 of the pulse restores 2IW causing it to produce a nega- 

couple 27 — 27a. The element 27a is already cut tive signal "to V" for restoring 23V to terminate 

off under control of 3 8Z. Accordingly, when 26 the V spot operation. 

turns to cut off 27, the couple 27 — 27a becomes 5 26-2. Commutator finish operations. — Trigger 
effective to apply increased potential to 28 ren- I7W (Pig. 78i), upon restoration (Item 26V) ap- 
dering it conductive to produce the negative a2 plies a negative going impulse to 5W which pro- 
signal. This signal is inverted by 2 and 8 in 9CF duces a positive signal PC. This is inverted by 
(Fig. 76a) and applied to 32, 33, 34 in 9CP and to 29a in the Z spot (Fig. 78fc) to a negative going 
I to 6, 8 and 9 in I BCF (Fig. 76b) . These tubes 10 impulse which turns trigger 30, dropping out the 
become conductive, heating the A sides of the TJ, a2 signal (see Item 26-1) . 

V, and SH2 shift code combinational circuits Further, with 1 7W (Fig. 78i) restored, it cuts 

(Figs. 63 and 62) and also of the OP2 pyramid off I8W, establishing one condition for start of 

(Fig. 59). As this pyramid is set at 00, again a a next commutator run. Another condition is 

No Op signal is produced (see Item 17), as a re- 15 established under control of an all-entry delay 

suit of which 25NO (Fig. 78e) is again condi- signal A ED which follows the all-entry signal 

tioned. AE (Item 25) by about 16 ms. As now under- 

26T. The T spot operation. — At the end of stood, signal AE is emitted by the pilot units 

Item 26R, it was explained that 2 IT (Fig. 78/> when all entries into electronic storage called for 

was restored, terminating the R spot operation. 20 by a line of sequence data have been completed. 

Upon restoration of 21 T it turns 22T. The next One of the functions of the AE signal is to ini- 

AF pulse restores 22T which turns 23T. With tiate operation of delay means to produce the 

23T turned, it conditions 24T, and serves through AED signal, as described below. 

2, 30 and 31 to produce a negative Tl signal. The positive FC signal also is applied to tube 

This signal cuts off 16a in the BO pilot unit (Fig. 25 '9a in Fig. 78c. The tube 19a becomes conduc- 

78L) . Element 1 6 already is cut off by the tive and through the plate circuit of I S applies 

TbO(OC) signal (Item 26a). Accordingly, 16 — a negative pulse to the gate trigger 18 of the 

16a in BC now becomes effective through (2 commutator NO, restoring this trigger (Item 17) 

to cut off 3 which again produces a PIL.OC sig- from its previously turned condition. With IS 

nai. As before, this signal is acted on in the W 00 restored, it renders 27 conductive thereby decon- 

section (Fig. 78i) to produce the PIL.OCC sig- ditioning 25. In short, at the finish of the pres- 

nal which renders the conditioned tube 24T (Fig. ent commutator scanning operation, the com- 

78/) conductive to apply a turning pulse T.OC mutator NO is deconditioned. 

to 2IU, the gate of the U spot (Fig. 78^). As 27. The all-entry delay signal AED.- — The neg- 

2IU turns, it acts through 25 to produce the 35 ative all entry-pilot signal AE CItent 25) goes to 

OP.OC signal. As before, the conditioned NO the X spot (Fig. 78?) of the main, commutator, 

commutator (Fig, 78c) responds and sends back where the signal is amplified by 10a and 12 to 

an OP.BS signal. This restores 2 ITT, causing it be sent out to Fig. 75a as a negative commutator 

to produce a negative signal "to T," which re- signal AE. This commutator signal AE is in- 

stores 2 3T, terminating the T spot operation. 40 verted by 6-ICF (Fig. 75a) to a positive going. 

26TJ. The V spot operation. — Upon restoration signal AE on wire 150. The positive signal is' 
of 2IU (Fig. 78s0, it turns 22U. The next AP. Inverted by 19 in 2CF (Fig. 736). to a negative: 
pulse restores 22 which turns 23, conditioning impulse which turns 20. 20 thereupon cuts off 
24U and acting through 2, 30 and 31 to produce 26 of the lock couple 26 — 26a, making the couple 
the negative Ul signal. This signal cuts off 15a 45 responsive to EP pulses continually acting on 
of the BC pilot unit (Fig. 78L). 15 is already cut. 2 So. Accordingly, the lock couple now is : effec- 
off under control of the U&O COO signal (Item tive. through 25 to apply negative EP phased 
26a) tree now at 0. Accordingly, 15 — 15a now pulses to the common input, line of the primary 
becomes effective to render 14a conductive, caus- order of the All-Entry Delay Counter.. This 
ing, 3 to be cut off so as to, produce the positive 5( j counter includes, as its primary order, the trig- 
PIL.OC signal. Again the W spot (Pig. 781) con- ° gers 31, 32, 33, 34 and 35. In the now familiar 
verts this to a PIL.OCC signal.. This goes back manner, at the end of the first cycle of this: order, 
to the conditioned tube 24U (Pig. 78g0, render- it turns 36 to turn 30. The next, cycle restores: 
ing it conductive to apply a turning signal U.OC 30 which turns 2*. The third- cycle restores 24, 
to 21V (Fig. 78 ft). As 21V turns, it acts through 55 causing 23 and 29 to turn. The next EP pulse: 
25 to apply an OP.OC signal to the NO commu- restores 29, which turns 28. At. this point, 28 
tator (Fig. 78c) which sends back an OP.BS sig- serves through 27 to produce a positive AED sig- 
nal, restoring 21V. Upon 21V restoring, it emits nal on wire 151. Trigger 28i is; returned by the 
a signal to U which restores, 2.3U, terminating the: next EP pulse. A fourth cycle of the primary 
U spot, operation. 6B order resets 23, which restores. 36 and turns 22. 

26V. Operation of the V spot. — When2tV (Pig. The next BP pulse resets 22, which restores 20, 

78ft) restored, it turned 22V which then was re- ending operation of the delay counter, 

stored by an AP pulse and thereupon turned 23; The positive AED- signal on wire 151 is ; inverted 

to* condition 24V. Also 23 through 2, 30, and 31 by 2-1 CF (Fift. 75a) to a negative signal AED. 

produces the negative VI signal. This cuts off 65 called the all-entry/ delay signal. This, signal 

19a (Fig. 78L). 19 already iscufeoff under con- goes to the W spot (Pig. 78i) of: the main com - 

trol of the VbO (OC) signal (Item 26a). Ac- mutator and acts through cascaded tubes. 20a 

cordingly, 19— 19a becomes effective through 18a and 20 to restore 19 mote Item 14) . Trigger 19* 

and 3 to produce the PrL.OC signal. This is in- now cuts off 18a, which is another condition for 

verted by the W spot (Pig. 78i) to a PIL.OCC 70s restarting the operation of the commutator. A 

signal which renders the conditioned tube 24V previously discussed condition i&- the cutting off 

(Figs 78ft) conductive to apply a negative signal of- 18 as a commutator fihsh operation (Item* 

V:OC to I7W and 21 W (Fig. 781) . Trigger I7W;. 26-2) . When both 18 and: ISO; are at cutr-off, the 

which was turned before (see Item- 14) , is; now- couple 18 — l-8a conditions I4W-L As a final con- 

reetored by the signal V;OC. Trigger 2 1 is turned 1 75, dition to restarting the> commutator, 14W will; 
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have to be rendered conductive by the turning of 
trigger 23 under control of an STRDI negative 
signal. The first such STRDI signal was pro- 
duced (see Item 12) under control of the first 
STR pulse which resulted from operation of the g 
start key (Item 5). Trigger 23W was turned by 
the first STRDI signal and restored shortly after 
(Item 14). The next STRDI signal will be pro- 
duced after transmission of sequence data out of 
electronic storage has taken place. Such trans- io 
mission is initiated under control of the all-entry 
signal AE (Item 25) and will be explained in 
Section 31. 

28. Dropping XM and X2 and X3, X4, XS and 
X6. — The positive going signal AE (see preced- 15 
ing Item 27), in addition to bringing the AE 
delay circuit (Pig. 75b) into operation, also acts 
via inverter 23-5CP (Pig. 75e) to turn 22. With 

22 turned, it renders 21a conductive, releasing 
the couple 21 — 21a, to cause deenergization of the 20 
relays XM and X2 (note Item 9) . At the same 
time, the turned trigger 22 cuts off 27 of couple 
27 — 27a. Since trigger 2B-5CP is now also in 
turned condition (Item 9), it is still keeping 27a 
conductive, so that the lock couple does not serve, 25 
as yet to bring about the energization of the 
relays YM and Y2. 

The positive AE signal on wire 150 also goes 
to 30-6CF (Fig. 75/) to be inverted to a negative 
going AE pulse on wire 152. This negative pulse 30 
resets I8-6CP, 12 and 24 in 7 CP (Pig. 75i) and 
6-8CF (Fig. 75ft). Accordingly, the relays X3, 
X4, X5 and X6 are deenergized (note Items 
10 and 11). 

29. Dropping XI; — The negative SE pilot sig- 35 
nal (Item 25) which in the present situation 
was produced by the pilot section at the same 
time as the all-entry signal AE, goes to the Z 
spot (Pig. 78*) of the main commutator where 

it is amplified by 5a and 8 to be sent out as 40 
a negative-going commutator signal SE. This 
signal is inverted by 5-1 CP (Fig. 75a) to a 
positive SE signal on the wire 154. The posi- 
tive SE signal operates I I-5CF (Fig. 75e) to turn 
10. With 10 turned, it renders 9a conductive, 
releasing the lock couple 9 — 9a, as a result of 
■which the relay XI is dropped (note Item 7). 
The points a of XI re-open and cease to ground 
the A sides of the SI, and S2 pyramids (Fig. 
50), these having completed their f unction of 
controlling the section of the next line of se- 
quence data to go into the B side of sequence 
storage (see Item 8). 

The SE pilot signal also operates through 5a 
and 5 (Fig. 78fc) to return 9Z which previously 
was turned (see Item 14). With 9Z returned, 
it deconditions 14. This prevents a stop signal, 
which is a down signal on wire SPST, from hay- 
ing any effect at this time in stopping the com- 
mutator at the end of its present run, but it 
will have the effect of stopping the commutator 
at the end of its next run. In other words, 
after the SE signal is given, the stop signal is 
ineffective for the present run. Trigger I7W 
remains turned and conditioning 13. The next 
STR pilot signal will return I0Z which will op- 
erate conditioned 13 to produce a new STR 
commutator signal. The subsequent STRDI 
signal will turn I0Z and 9Z. Assuming that 
the stop signal on wire SPST is present, then 70 
I4Z will be conditioned and so upon 9Z being 
turned it will apply increased potential to con- 
ditioned I4Z to render I4Z conductive so as to 
return I7Z. Accordingly, the means for pro- 
ducing another STR commutator signal will be 75 



45 



50 



55 



60 



65 



rendered ineffective and so a subsequent STR 
commutator signal will not be produced until 
another start key operation is effected. 

30. S entry delay signal SED. — The positive 
SE signal also is inverted by 1 3-8CF (Fig. 75ft) 
to a negative going impulse which reverses 1 4. 
Trigger 14 now cuts off 20 of couple 20 — 20a, 
making the couple responsive to the applied EP 
pulses. The couple now acts through 19 to 
apply negative pulses to the common input of 
the ring of triggers 25, 26, 27, 28, and 29 of the 
SE delay counter. As now understood, a first 
series of five pulses operates the ring to reverse 
30, which reverses 23 and 24. The third pulse 
of the second series restores 27 to turn 28 and, 
also, to reset 23. As 23 resets, it applies a posi- 
tive pulse to 21 to produce the negative SED 
signal on a wire 166. There is a delay of ap- 
proximately 8 ms. between the SE signal (Item 
25), and the SED pulse. The SED signal will 
restore 10 and 22 in 7CF (Fig. 75g0 and 16 in 
16 and 6CF (Fig. 75/) if these triggers are 
turned, which is not the case at present. The 
triggers 10 and 22 in 7 CP may be selectively 
turned when "late" operations are performed 
(see later Section 21). 

In the now familiar manner, 24-8CF (Fig. 
75ft) is restored and turns 18 at the end of 
the second cycle of the ring circuit in the SE 
delay counter. A third cycle restores 1 8 to turn 
17. A fourth cycle restores 17 to turn 16 
which is returned by the next BP pulse and 
thereupon resets 14 to terminate operation of 
the delay counter. 

31. Transmission of sequence data from elec- 
tronic storage to sequence storage. — The nega- 
tive all-entry pilot signal AE (Item 25), in 
addition to its functions explained in Items 27 
and 28, also initiates operation to bring about 
the transmission of the sequence data now in 
ES7 and ES8 to the open side of sequence stor- 
age, this open side being, at present, the B side. 
Referring to Fig. 78j", the AE pilot signal acts 
through tubes 10 and 10a to restore 5X, ter- 
minating the commutator timing signal OCO 
(Item 21) which initiated the events leading 
to the application by the selected pilot unit 7 
of the entry timing pulse Out to ES7 to the 
entry tubes Out En of electronic storage unit 
7 (see Item 24o)l Restoration of 5X also ter- 
minates the PS signal (Item 21) which initiated 
scanning operations (see Item 26a) . Further, 
as 5X restores, it turns 7X, which through 3X 
and an amplifier 35 — 36 produces a negative 
signal SW. The next AP pulse restores 7X, 
terminating the SW signal. Meanwhile, the 
signal SW goes to 5 CP (Pig. 80e) where it cuts 
off tube 32a of couple 32 — 32a. Element 32 of 
this couple has already been cut off (Item 20) 
by ground signal ICIS7 through section 3 of 
dial switch DSIS (Fig. 56), set to position 7. 
Accordingly, upon 32a now being cut off by the 
SW signal, the couple applies increased po- 
tential to 39-5CP which becomes conductive and 
cuts off 34-5CP to produce a positive ICI7 
signal (Fig. 79c). This signal renders 26-3CP 
(Pig. 80c) conductive to turn 20-3CP and also, 
through switch 2SQ, in seq position, to cut off 
24 of couple 24— 24a in 3CP. The turned trigger 
20-3CP cuts off 14a of couple 14— 14a in 3CP. 
The ICI7 signal initiated by the SW signal and 
the ICIS signal (Item 20) has thus caused 
24 and 14a in 3CP to be cut off. Element 24a 
has been cut off previously under control of 
trigger 29 (Fig. 79c) and the presense signal 
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SPR (Item 23). The SPR signal as described 
in Item 23, mixed with the signal PRES to 
produce the signal PRE. Under control of sig- 
nal PRE, trigger 30-3CP turned and caused 
29 to turn, as a result of which 24a-3CP is 5 
cut off. Under control of the later ICI signal, 
24 is also cut off. When at the next BP pulse 
time, 27a is cut off, the common anode line 
of 24 — 24a— 27a rises in potential and makes 
18 conduct, which turns 33. Turned 33 cuts 10 
off 26a to produce a positive RDL signal. This 
signal, through 19, turns trigger 13 to cut off 
14 of couple 14 — 14a. Since element 14a has 
also been cut off by turned 20, as explained 
above, 14 — 14a now is effective via 7-3CP to 15 
turn trigger 16. Trigger 18, turned, cuts off 
normally conductive switch tube 8-3CP to emit 
a positive pulse which causes amplifier tubes 3 
and 3A to produce the positive transmission 
timing pulse ES to In (also see Pigs. 21 and 223.. 20 
In the manner described in Section 6, this posi- 
tive pulse ES to In emitted by pilot unit 7 
causes the value in electronic storage unit ES7 
to be applied through the In Ex C couples and 
the In Ex tubes, as reduced digit representative 25 
potentials upon In bus-set 7. 

In the assumed example, ES7 has received 
the SISeq sequence data (see Item 24b) which 
are now transmitted to In bus-set 7. In the 
manner described in Section 11, the SISeq data 30 
on In bus-set 7 are entered in the then-open 
A or B side of sequence storage. At present, 
the B side is open (see Item 6) since relay 
BM (Fig. 36) is energized. Therefore, the SISeq 
data now enter the B side of sequence storage, 35 
and the BI relays (Fig. 37) are selectively en- 
ergized in accordance with the SISeq data. 
Relays BI close their contacts b (Fig. 41), 
establishing the pick up circuits of relays BOP 
for storing the sequence data SISeq. 

While operations have been described in detail 
with respect to pilot unit 7 and the SISeq data, 
it is to be understood that pilot unit 8 acts 
similarly, under control of commutator signal 
OCO, to pilot the S2Seq data into electronic 
storage unit ES8 and, under control of com- 
mutator signal SW, to pilot the transmission of 
data from this storage unit to the S2Seq relays 
BI and BOP. 

The relays BI and BOP set the B sides of the 
various trees, pyramids and permutation circuits 
(Figs. 47a to 33) according to the new, first real 
line of sequence data which was obtained from 
tape storage stations I and 13 of bank 1 (see 
Item 8) in the assumed example. 

The positive RDL pulse, which initiated the 
transmission signals ES to In, occurred upon 
the turning of 33. The next AP pulse returns 
33, causing it to restore 29, which has served 
its purpose in impressing the stored presense 
signal upon 24a which was a factor in produc- 
ing the RDL signal. 

It should be noted that control of a pilot unit 
for piloting transmission of sequence data is by 
commutator signals SW and SPR (presense) . 
As will be brought out in Section 17, Items 22 to 
24, the control of a pilot unit for piloting trans- 
mission of data other than sequence data is by 
the "3" signal of a scanning spot (see Section 
16a) , the presense signal NPR, and a Back signal 
from the data receiving unit. 

32, The transmission delay. — As explained in 
the preceding item, the trigger IS-3CP (Fig. SQc) 
was- reversed to cause the signal ES to In to 
b« produced for timing the transmission of the 75 
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SISeq data to the open side B of sequence stor- 
age. The reversal of the trigger IS also,, through 
2, applies increased potential to 22 and 17 in 3CP. 
17 has been conditioned already by the now- 
reversed trigger 30-3CP (see Item 23) . Accord- 
ingly, when trigger 16 reversed to start the trans- 
mission from electronic storage and, through 2, 
applied increased potential to tube IT', this tube 
became conductive. Tube 17 then cuts off switch 
tube I2-3CP, which has been held conductive by 
unturned II. II can be turned only upon re- 
turn of !0.. But 10 is blocked from turning (see 
the end of Item 23) and hence will not have a 
return action. Accordingly, 1 1 will not turn and 
will hold 12 conductive until cut off upon 17 
becoming conductive. At that point 1 2 produces 
a positive pulse TRs to start the 7 y 2 ms. trans- 
mission delay. The pulse TRS is inverted by 
I-4CP (Fig. &0d) to reverse 2-4CP which there- 
upon cuts off 8a to render couple 8 — 8a respon- 
sive to the CP pulses continually applied to 8. 
The couple 8 — 8a now acts through 7 to impress 
negative pulses on the common input of triggers 
13, 14, 15, 16 and 17 of the Transmission De- 
lay Counter in 4 CP. In a now familiar man- 
ner, each series of five pulses effects a cycle of 
these five triggers, the trigger 17 being restored 
at the end of each cycle. The first time f7 
restores, it reverses 18. In turn, 18 reverses 12. 
The second time 17 restores, it resets 12, which 
turns 6 to also turn 1 1 . The counter goes 
through a third cycle and this time IT, upon 
restoring, resets 6, which turns 5 and the latter 
thereupon returns 1 1 . The fourth cycle Of the 
counter causes 17, upon its restoration, to re- 
store 5, which turns 4 and restores 1 8. The next 
BP pulse restores 4. As 4 restores, it resets 2 
to stop operation of the counter. 

At the end of the third cycle of the counter, 
i I was restored. Thereupon 1 1 produced a posi- 
tive TRD pulse. This pulse is inverted by !8a3CP 
(Fig. 80c) to a negative pulse Which restores 16, 
terminating the ES to In signal. The delay 
counter in 4CP has permitted 1 6 in 3CP to remain 
conditioned for approximately 7 ] / 2 ms. which is, 
therefore, the duration of the ES to In signal. 
This exceeds the time required for relay points, 
such as those of sequence storage relays BI, 
to shift from one position to the reversed posi- 
tion. To provide sufficient tolerance, 7 J /2 ms. is 
allowed for transmission of data from electronic 
storage unit to a receiving unit such as se- 
quence storage or relay storage. 

33. The reset delay and pilot signals STR and 
AT.— The positive RDL signal in conjunction 
with signal ICI turned I6-3CP to produce the 
ES to In signal (see Item 31). The RDL signal 
also initiates the operation of a Reset Delay 
Counter in 4CP (Pig. SOtZ). The pulse RDL is 
reversed by I9-4CP to turn 20-4CP, which then 
cuts off 26a to make the couple 26 — 25a respond 
to the EP pulses applied to 26. Through 25, 
the couple then impresses negative EP-phase 
pulses on the common input Wire of the triggers 
31, 32, 33, 34 and 35 of the reset delay Counter. 
The first cycle (5EP pulses) of these triggers 
produces a pulse which turns 36, which reverses 
30. The second cycle restores 30. Upon re- 
storation of 30, it turns 24 which thereupon 
turns 28. The third cycle restores 24 and 28. As 
28 restores, it produces a positive RDL #2 pulse, 
which has no real function when a pilot unit is 
used to pilot sequence data. When a pilot unit 
is used for piloting other than sequence data, 
trigger 10-3CP may be turned to produce a 
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Reset signal for resetting a relay storage unit. 
The RDL #2 pulse will then cause 10 to return 
(see Item 24, Section 17). When 24-4CP re- 
stores, it turns 23, which reverses 29. A fourth 
cycle restores 23 and also 29. As 29 restores, 5 
it produces a positive RDL #3 pulse. When 23 
restores, it resets 36 and turns 22. The next 
BP pulse restores 22 causing it to reset 20, ter- 
minating operation of the reset delay counter. 

The positive RDL #3 pulse, produced at the 10 
end of the fourth cycle, is inverted by 34-3CP 
(Fig. 80c) to a negative impulse which is applied 
via a switch 3SQ, in seq position, to I5-3CP, 
turning it. The next AP pulse returns 15. As 
15 returns, it turns 21. A following AP pulse 15 
returns 21, which causes the inverter 27 to 
apply a negative impulse to 13, 20, and 30, re- 
storing them. 

It may be noted that the RDL #3 pulse occurs 
some 20 ms. after the RDL signal, while the 20 
transmission signal ES to In lasted some 7% ms. 
(see Item 32) after the RDL signal. Accord- 
ingly, it is understood that triggers 13, 20 and 30 
are restored after the transmission from elec- 
tronic storage has taken place. With 20 returned, 25 
it is ready for control by the next ICI signal (Item 
31). The return of 13 conditions it for response 
to the next RDL signal (Item 31). With 30 re- 
turned, it is prepared for operation upon the 
production of the next PRE signal (Item 23). so 
Further, when 30 in each of pilot units 7 and 8 
restores, it returns 35 and 35a in 3CP to cut-off 
condition. .None of the tubes 35 and 35a in the 
other pilot units have been switched from their 
normal cut-off condition. Accordingly, when 35 85 
in pilot units 7 and 8 is returned to cut-off con- 
dition, the single tube 44 common to all the pilot 
units becomes conductive to produce a negative . 
AT (all-transmission) signal. Similarly, return 
of 35a in pilot units 7 and 8 causes common tube m 
45 to produce a negative STR (S transmission) 
signal (see Item 12). The plate circuits of tubes 
35 of all the pilot units are commoned and if 
any of the tubes 35 remain conductive, then tube 
44 will remain cut off and the AT signal will not 45 
be produced. The plate circuits of tubes 35a of 
all the pilot units also are commoned, but only 
the tubes 35a of the two pilot units used in con- 
nection with sequence entry and transmission 
are placed by their switches 4SQ in control of the 50 
STR signal. At present, only pilot units 7 and 8 
are active and set for control of sequence data 
entry and transmission. Accordingly, that pair 
of tubes 35 and 35a of pilot units 7 and 8 which is 
last cut off causes the AT and STR pilot signals 55 
to be produced, simultaneously in the present 
situation, to signal that all data and sequence 
data transmissions are completed. 

34. BOR. — Trigger 7X (Fig. 78j) was turned 
(Item 31) to produce the SW signal which, mixed 60 
with the ICIS signal (Item 20) , initiated sequence 
data transmission to the B side of sequence stor- 
age. One AP pulse cycle later, 7X is restored 
and through 4X produces a negative going signal 
ICIC. This signal is inverted by l-ICF (Fig. 75a) 65 
to a positive signal which acts through I-4CF 
(Fig. 75<Z) to turn 8-4CF, which cuts off 3A. As 3 
is already cut off at this time by 2-4CF, the couple 
3 — 3a now is effective through 9 to turn 1 0 of an 
ICIC 3 ms. delay circuit. The next EP pulse re- 70 
stores 10 to cause II to turn. The second next 
EP pulse restores II which thereupon turns 12. 
The third next EP pulse restores 12. As 12 is re- 
stored it turns 18 which then cuts off 17a. Ele- 
ment 17 already has been cut off by the trigger 75 



16 which was reversed previously (see Item 5) to 
drop relays AOR. The couple 17 — 17a is now ef- 
fective through 20 to apply decreased potential 
to wire bor. Tubes 42 to 46-1 8CF (Fig. 77c) con- 
sequently are cut off, causing tubes 50 to 76 to 
conduct and drop the potential on their output 
lines borr. Consequently, relays BOR (Fig. 36) 
are energized and their contacts a (Fig. 41 ) open 
so as to drop those BOP sequence storage relays 
which may previously have been held by their 
stick circuits and are not being energized by the 
pick up circuits through contacts b of relays BI 
(see Item 31) . 

When I2-4CF (Fig. 75d) was restored at the 
end of the 3 ms. delay, it made 9a conduct so as 
to reset 8 and to turn 2. When in a next se- 
quence run, a presence signal NPR is produced, 
it will act via la to reset 2. This is one condition 
to restart of operation of the ICIC delay circuit, 
the purpose of which is to pick up the B or A op- 
erational reset relays 3 ms. after transmission to 
the B or A side of sequence storage starts. The 
other condition to restart of this delay circuit is 
the signal ICIC which occurs whenever a trans- 
mission signal SW is given. 

35. Dropping BM and re-energizing AM. — As 
explained in Item 33, the STR and the AT pilot 
signals were produced at the end of a reset delay 
which occurred after the transmission of se- 
quence data into the B side of sequence storage. 
The negative STR pilot signal is applied via G« 
and 6 in the Z section (Fig. 78fc) to I0Z, restor- 
ing it from its previously turned status (see Item 
14). Trigger 1 0 now re-applies increased poten- 
tial to the control grid of I3Z which remains 
conditioned by I7Z turned under control of the 
start key SKS (see Items 5 and 14) . Accordingly, 
I3Z through 18 and 12 causes a negative going 
STR commutator signal to re-appear. It is to 
be noted that this commutator signal was pro- 
duced the first time under control of the start 
key switch. Thereafter, it re-appears each time 
an STR pilot signal is produced. As in Item 5, 
the STR commutator signal is inverted by 4-fCF 
(Fig. 75a) to a positive going STR signal on wire 
101 which is inverted by 3-5CF (Fig. 75e) to a 
negative going pulse applied to both sides of trig- 
ger 2-5CF. The first STR pulse turned this trig- 
ger (see Item 5) . The second STR pulse now re- 
turns trigger 2. This trigger is thus alternated 
in status by successive STR signals. Trigger 
2-5CF now restored, serves through 1 7a to make 
la conduct so that wire bm drops in potential 
whereupon the relay BM is deenergized, in turn 
dropping relays BS (see Item 6.) 

With trigger 2-5CF turned, it also applies in- 
creased potential to 17, which through I causes 
wire am to rise in potential so that relay AM is 
again energized (note Items 1 and 5 ) . 

The STR signal on wire 101 also, makes 24 
conduct to reset 1 6 (note Item 5) . Consequently, 

1 7 is made conductive, with the result that relays 
BOR are deenergized (see Item 34) , causing the 
stick circuits of the energized relays BOP to close. 

It is clear now that the A side of sequence stor- 
age is initially open (Item 1) to receive sequence 
data (Item 4) while the B side is initially closed. 
After sequence data was read into the A side of 
sequence storage (Item 4) , the start key was de- 
pressed to produce a first STR commutator sig- 
nal (Item 5) and relays AM, AS and AOR were 
deenergized, while relay BM and its subsidiary 
relays BS were energized (Item 6) to open the 
B side of sequence storage. The first real line 
of sequence data, selected by codes SI and S2 in 
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the A side of seqnenee storage, wes then applied 
to electronic storage (Item 24b) and sent there- 
from to the B side of sequence storage (Item 31) . 
The STR pilot signal was then given (Item 33) 
after a short delay. Now the B side of sequence 
storage has been shut by the dropping of relays 
BM and BS and the A side of sequence storage 
has been reopened by the picking up of AM and 
AS relays. In this manner the A and B sides of 
sequence storage receive alternate lines of se- 
quence data, the line going into each side being 
selected by the SI and S2 codes in the other side 
of sequence storage. 

It is also clear that alternate STR signals drop 
the relays AOR and BOR; that is, after the se- 
quence data has been safely transmitted to the 
open side of sequence storage, the STR signal 
drops the operational reset relays for this open 
side, so as to allow the stick circuits of the op- 
erational relays for the open side to be estab- 
lished. 

36. Relays Yt, Y2 and YM, and Y3 to Y&.— 
The positive going STR control frame signal on 
wire 101 (see the preceding item) acts via 
list — 5CF (Fig. 75e) to apply a negative going 
impulse to both sides of 16 restoring it from its 
previously turned condition (see Item 7) . The 
restored trigger 16 now cuts off 15a. Previously, 
trigger 1 0-5CF was turned under control of signal 
SE (see Item 29) and dropped XL With 10 
turned, it is cutting off 15. Accordingly, when 
16 also is turned to cut off 1 5a„ the couple 15— 15a 
becomes effective through 8 and 7a to apply in- 
creased potential to wire yt. Thereupon tube 
24-1 9CF (Fig. 77d) becomes conductive and its 
output line y ir drops in potential, so that relays 
Yl and YID (Fig. 36) are energized. Contacts 
Yla close and ground the B side of the SI, S2 
trees (Fig. 50). 

The STR positive pulse also acts through 
23o-5CF (Fig. 75e) to apply a negative going 
pulse to both sides of trigger 28, restoring it from 
the turned condition (see Item 9) . As 28 is re- 
stored it cuts off 27a. Trigger 22-5CF was pre- 
viously turned under control of the all-entry sig- 
nal AE and dropped X2 and XM (see Item 28) so 
that 27 also is cut off. Accordingly, the couple 
27 — 27a is now effective to apply increased po- 
tential to wire yiw and also through 20 and 25 to 
apply increased potential to the wire yt. The 
tubes 22, 23 and 28 to 30 (Fig. 77<f) became con- 
ductive and output lines ym and ytr drop in po- 
tential, causing relays Y2, YM, and YMD (Fig. 
36) to be energized. The increased potential on 
wire yiw is inverted by 28-6CF (Fig-. 75/) to cut 
off 26. As explained in Item 10, the STR pulse 
operates through the "Late" delay circuit in 6CF 
to cause 8 to conduct momentarily so as to cut 
off 26a. Accordingly, the couple 26 — 26a be- 
comes effective through 6 to produce a negative 
pulse, on wire 175, to turn 24-6CF, 18 and 30-7CF 
(Fig. 75o) and I2-8CF (Fig. 75ft). 24-6CF in 
turned state applies increased potential to a grid 
of 23. The other grid already is- at increased po- 
tential under control of the trigger 16 in its stand- 
by state, so 23 now becomes conductive and 
through 19 causes an increased potential to ap- 
pear on line y3. Tubes 10, I I, 12 in I5CF (Fig. 
76a) become conductive so that output line yZr 
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turned trigger 30-7GF (Fig. 75o) and trigger 22 
now render 29 conductive cutting off 25 for ap- 
plying higher potential to wire yl. The tubes 
it, 23 and 24-1 5CF become conductive and out- 
put line 2/5r drops in potential. Finally the 
turned trigger 1 2-8CF (Fig. 75W and trigger 4 
combine to render I I conductive, cutting off 7 to 
bring about an increase of potential on wire y%. 
Tubes 28, 29 and 30-1 5CF conduct and their out- 
put line y%r drops in potential. 

As a result of output lines yZt, ytr, y$r and yir 
dropping in potential, the relays Y3, Y4, Y5, and 
Y6 (Fig. 36) are energized. 

The relays Y2, YM, Y3, Y4, Y5, and Y6 close 
their respective points in the B sides of the Out 
sequence permutation circuits shown in Figs. 47a 
to d, 48, and 49 and o (see Section 11) . 

37. The Y7 relays— The pilot Signal AT, which 
in the present situation was produced concur- 
rently with the pilot signal STR (see Item 33) 
goes to the X section (Fig. 78j) of the main com- 
mutator and through 24 and 20 produces the com- 
mutator signal AT. This signal is inverted by 
12-ICF (Fig. 75a) to a positive AT signal. This 
positive signal is again inverted by 4-3CF (Fig. 
75c) to turn 3. As 3 is turned, it makes 2 con- 
duct and drop the potential on wire xl (see Item 
3) . As a result, relays X7 and X7D (see Item 3) 
are deenergized. The turned trigger 3 also works 
through I-3CF to produce a higher potential on 
wire yl so as to make tubes 4, 5, and 6 in Fig. 77c 
conductive so that output lines ylr (also see Fig. 
36) drop in potential and relays Y7 and Y7D are 
energized. Relays Y7 close points in the B side 
heating circuits of the In permutation circuits 
shown in Figs. 51, 52a and 526. 

38. Reconditioning 25X in preparation for the 
next SPR and NPR signals. — The positive ATsig- 
nal (see the preceding item) is also applied to 
I-2CF (Fig. 75b) to be inverted to a negative pulse 
which turns 2 cutting off 8 to render the couple 
8 — 8a responsive to the EP pulses. The pulse 
output of this couple is applied by 7 to the com- 
mon input of the All-Transmission Delay Counter 
in 2CF which is a duplicate of the All-Entry De- 
lay Counter described in Item 27. The All- 
Transmission Delay Counter at the end of about 
15 or 16 ms. produces through 9-2CF a positive 
ATD pulse. This pulse is inverted by 3-ICF to a 
negative ATD pulse which goes to the X spot 
(Fig. 78/). The negative ATD pulse is applied 
via 28a and 28 to 27X and restores it to recondi- 
tion 25X (see Item 21) in preparation for pro- 
duction of the next SPR and NPR presense 
signals. 

39. The & and bl signals, relays BIR and the 
restart of commutator scanning. — In Item 26-2 
it was explained that 1 7W (Fig. 78i) is restored 
by the V.OC signal at the end of a scanning se- 
quence (also see Item 26V) to cut off 18 as one 
prerequisite, to the start of a next commutator 
run. Item 27 explained the control by the all- 
entry delay signal AED of the restoration of 19W 
to cut off 18a as a second prerequisite to the 
start of the next commutator run. The third 
prerequisite is met by the STRDI signal produced 
under control of the STR, pilot signal, acting 
through the commutator to produce the com- 
mutator signal STR which in turn acts through 



drops in potential. Similarly, the turned trigger 70 the S transmission delay circuit (Fig. 15c and 



I8-7CF (Fig. 75a) and trigger 10 combine to 
render 17 conductive so that 13 is cut off and ap- 
plies increased potential to wire 2/4. Tubes 16, 
17 and 18 of lSCF (Fig. 76a) become conductive 



Item 12) . Prior to start of the next commutator 
run, & and 5 1 signals will be produced under con- 
trol of signal STRDI, fo preparation for the 
scanning of the B side of sequence storage. These 



and output line »4r drops in potential: The ts signals perform the same function for the B 
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sides of the pilot units selection trees and the 
Operational sign In Code and OP I sequence cir- 
cuits (Pigs. 54 to 63) as the "a" and the c I sig- 
nals performed for the A sides (see Items 15a, 15b 
and 16) . The STRDI signal, through 22 and 22c 
in Fig. 78i, reverses 23W, which applies a posi- 
tive pulse to I1W. If I4W is conditioned by 
18 — 18a the pulse applied to it by 23 W will make 
it conduct to turn 1 5W. As stated before, 18 — 18a 
is cut off when the first two mentioned con- 
ditions for a new commutator run have been 
met. The third condition is the reversal of 23W 
by the STRDI signal. When all three condi- 
tions have been met, 1 4W conducts to turn I S W. 
The next AP pulse restores 15W which turns 17 W 
and I9W to prepare them, respectively, to sense 
completion of the next scanning sequence and 
next AED signal. The return of 1 5W also re- 
sets 23W to prepare it to sense the next STRDI 
signal. Also, the return of I5W this time re- 
stores 25W (compare with Item 14). As 25 is 
now restored, it makes 26 conductive so that 
26 — 26a is released and the "a" signal is dis- 
continued (note Item 14). In the manner ex- 
plained in the latter item, 1 6W is turned upon 
the rstoration of I5W, and is itself restored by 
the next AP pulse. Upon its restoration, I6W 
returns 28W which was turned by the previous 
pulse from I6W (see Item 14). Now, with 25W 
and 28W both restored, the couple 27 — 27a is 
cut off and through 32 produces the negative b 
signal. 

When 16W restored, it again turned 13X (Pig. 
787) which thereupon produces the second SCM 

signal (also see Item 16). This may be taken as 35 of the Operational Sign, In Code, and pilot units 



and apply reduced potential to line birr. Con- 
sequently, relays BIR (Fig. 36) are energized 
and the energized relays BI (Item 31) are 
dropped. Some 15 ms. later the new STRD2 
pulse, acting through 23a-4CF (Fig. 75a") re- 
stores 28, causing relays BIR to be dropped. 

Reference has been made to the fact that the 
b and bl signals serve the same functions with 
respect to the B sides of the operational sign 
and the In code permutation circuits and to the 
B sides of the pilot units selection trees as the "a" 
and ai signals perform with respect to the A 
sides of these various circuits. Briefly, the nega- 
tive b signal is amplified by 30 and 36 in Fig. 76a 
and the resulting positive b signal renders tubes 
4, 5, 6, 10, II, 12, 18, 22, 23, 24, 29 and 30 in Fig. 
76c conductive. Accordingly, the B sides of the 
P, Q, R, and U branches of the Operational Sign 
permutation circuits and of the Q, R, U, V 
branches of the In code permutation circuits (see 
Figs. 60 and 61) are heated. The positive b sig- 
nal in Fig. 76c is also applied to 36 and the re- 
sulting negative b signal inverted and amplified 
by 34 and 35, which produce a positive b signal. 
25 With respect to the T branches of these permuta- 
tion circuits they are not heated directly under 
control of the b signal but are heated under con- 
trol of this signal in accordance with whether 
the OP2 field characterizes the T field as an In 
or an Out field. As already understood, the T 
field is an "Out" field except when the OP2 num- 
ber is 01. Fig. 76e diagrammatically indicates 
the P, Q, R, U and V zero filters, the OP2 trees 
and the T zero filter relating to the B 
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the second start commutator run signal. This 
signal, for one thing, is inverted by 25Z (Fig. 
78ft) to a negative impulse which this time re- 
stores 22Z (compare Item 16) . Restored 22Z 
cuts off 23a. The trigger 26Z was turned before 
by the FR signal produced at the end of the 
scanning step of the R spot (see Item 26-1). 
With 26Z turned, it cuts off 23. As couple 23— 23a 
is now being cut off, the couple acts via 24Z to 
produce the bl signal. 

It should be noted that the triggers 25 W and 
28W are alternated in status each time I4W 
is rendered conductive by the fulfillment of ail 
three conditions for a new commutator run, so 
that the "a" and b signals are produced alter- 
nately for successive runs. Likewise, the trig- 
gers 22Z and 26Z are alternated in status by 
the signals SCM and FR, so that signals a I and 
bl are produced alternately for successive scan- 
nings by the spots P, Q and R. 

The SCM signal also goes to the P spot (Fig. 
78c) and starts the operation of the Ink delay cir- 
cuit (see also Item 16). 

The STRDI negative signal also acts through 
Ha and II in the Z spot (Fig. 78ft) to reverse 
I0Z (see Item 35). With I0Z reversed, it de- 
conditions 13 to stop the STR commutator sig- 
nal, as in Item 15a. Further, upon reversal of 
I0Z, it again turns 9Z which was restored by 
the SE pilot signal (Item 29). 

The STRDI positive pulse also acts through 
23-4CF (Fig. 75d) to reset 22 in 4CF, which was 
turned before (Item 13) in order to pick up 
relays AIR. These relays were dropped later 
when 28-4CF was turned under control of the 
first STRD2 pulse (see Item 19) . With 22-4CF 
now turned and 28-4CF in turned state, couple 
21 — 21a is cut off and through 26 and 3 pro- 
duces increased potential on the wire bir. This 



selection trees. The arrangement of these filters 
and; trees for the B side is similar to that ex- 
plained in Items 15b and c with respect to the 
A side. Briefly, if the OP2 field bears any num- 
40 ber other than 01, then line TOB is at high po- 
tential and conditions a tube 20 in Fig. 76e. This 
tube will be rendered conductive by the b signal 
coming from 34 and 35 in Fig. 76c and thereupon 
will cut off a tube 32. The output of this tube 
45 is designated T "out" B and goes to the grids 
of tubes 1 6 and 1 7 in Fig. 76c. These two tubes 
thereupon become conductive and heat the IT 
and 2T branches of the Operational Sign per- 
mutation circuits on the B side. If the OP2 
50 number is 01, then line TIB is at high potential 
and conditions a tube l9-76e. The b signal ren- 
ders this tube conductive, cutting off 31 to apply 
increased potential to output line T "in" B, as a 
result of which 29 in Fig. 76c becomes conduc- 
55 tive and heats the T branch of the In Code per- 
mutation circuit on the B side. 

With regard to the heating of the B sides of 
the pilot units selection trees, the positive b 
signal coming from 34 and 35 in Fig. 76c is ap- 
60 plied via an inverter 6-76/ and amplifier and in- 
verter 1 1 and 12 to tubes 13, 17, IB, 13, 21, 22, 
24, 27 and 28 in Fig. 76/. These tubes are ren- 
dered conductive and heat the B sides of the P, 
Q, R, and U branches of the OC-ES to Int trees 
65 (Fig. 57) and of the Q, R, U, and V branches of 
the IC-Int to ES trees (Fig. 58) . With regard 
to the T branches of these trees, their B sides 
are heated in accordance with whether the T field 
is an In or an Out field. As previously stated, if 
70 the T field is an Out field, then the line T "out" 
B is at high potential but if the T field is an In 
field then the line T "in" B is at high potential. 
If the former line is at high potential, then it 
renders 23, Fig. 76/, conductive thereby heating 
causes tubes 9 and 13 to 18 in Fig. 77d to conduct 75 the T branch of the OC-ES to Int trees. If 
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the line T "to" B Is at High potential, it renders 
28 1b Big;. 76/ conductive, thus beating the T 
branch of the IC-mt to ES trees. With regard to 
the B sides of the 1C-ES to m, the IC Presense 
and the OC-Out to ES trees, they are heated 5 
under control of the b signal In accordance with 
the conditions of the various zero niters and the 
OP2 trees in the same manner as described for 
the A aides. Briefly, if the P field is not blank, 
then the line PZF (Pig. 76e) is at high potential 10 
and conditioning 29. Similarly, if the fields Q, 
R, TJ and V are not blank, then the lines QZF, 
RZF, UZF and VZP are at high potential,; condi- 
tioning 28, 27, 2« and 29. if the T field is not 
blank, and the OP2 field bears any other code 15 
number except 01, then the line TOZP is at high 
potential and conditioning 27. On the other 
hand, if the OP2 field bears the code number 01 
and the T field is not blank, then the line TIZF 
is at high potential, conditioning it. "The posi- 20 
tfte b signal coming into Pig. T6e renders the 
coftcHtioncti tubes; conductive. Assuming that the 
tabes 21, 22, 28, 2«, 27, 29 and 29 have been con- 
ditioned and rendered conductive, their reduced 
outputs are inverted by 33 and 34 in Fig. 76e and 25 
by tubes f, 2, 3, 4 and 5 in Pig. 76/. The result- 
ing increased potential outputs of these tubes 
are applied to 33, 34, 15, 31, 36, 14, 32, 35, 7, 25, 
3*, 8, 28, 28, and 9 in Pig. 76/. These mentioned 
tubes become conductive and heat the B sides 30 
of tfte OG-Owt to ES circuits, the IG Presense 
circuits and the rc-E3 to In circuits, 

The negative &f signal coming from the main 
eoeiBrotatoT is applied to 3 and 9 in Pig. 76a and 
the resorting positive ft I signal renders conduc- 
tive the tubes 1 1 to (8 and 29, 21, and 23 in Fig. 
76& therefor heating the B sides of the Q, R and 
SKI shift eode combinational circuits shown in 
Pigs. 6? and 93 and also heating the B side of the 
OPf pyramid shown in Pig. 89. 

SUMMARY 

To start with, the A side of sequence storage 
was open (Item. 1) , and the relays AOR and X7 
were energized (Items 2 and 3>. The artificial 
line of sequence was then, entered under manual 
control (Item 4) into the open A side of sequence 
storage. After this was done, the start key 
switch SKS (Pig. 77aa> was closed to cause the 
first commutator signal STR to be produced and 
as a result the relays AOR (Item 2) and, gate relay 50 
AM of the A side of sequence storage were de- 
energized (Item> 5). With relays AOR deener- 
gizedy the stick circuits of the selected AOP relays 
were closed. At the same time the STR signal 
caused the gate relay BM of the B side of ^ se- 
quence storage to be energized, thereby opening 
the B> side of sequence storage (Item 6) . The 
STR signal also caused the relays XI to be ener- 
gised (Kent 7) as; a result of which the SI, S2 
pyramids (Pig.. 50) were heated so as to apply the 
next Mn» of sequence data from. Si, S2 selected 
sources to selected Out bus-sets 7 and 8 (Item 8) . 
Along with the application of the sequence data 
to- the Out busesy forward signals were applied to 
their buses 8 1 . Also, the S I , S2 pyramids, in the 
assumed example, selected and caused energiza- 
tion of the Move relays associated with the tape 
storage banks containing, the selected; tape- stor- 
age stations; from!, which the sequence data were 
taken in the assumed example. The STR signal 
also; caused relays X2 and XM to be energized 
(fHresa 9-) so as to close timing contacts in the A 
sides, of the; Out sequence permutation circuits 
stawn toi Pigs, *&r to 47dl 48 and 4fla and 1 496. 75 
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The signal STR also was effective to initiate 
operation of a "Late" delay circuit (Fig. 75/) 
which in conjunction with an increased potential 
applied to wire x2io, resulting also from the STR 
signal, caused the relays X3, X4, X5 and X6 to 
be energized (Items 10 and 11 J. With the relays 
X2, XM and X3 to X6 energized, all the Out se- 
quence permutation circuits are heated on the 
A side. According to program data present in 
the B, Q, R, T (if Out) , and U fields, the Unit 
Outs, Group Outs, Move relays and Table Outs 
are selectively operated, in the manner described 
in Section 11. However, the artificial line of se- 
quence bears zero data except in the SI, S2 fields 
so that the only result of the heating of the 
various trees and pyramids shown in Pigs. 47a to 
50 is the application of the new line of sequence 
data from the Si, S2 selected sources to the Out 
bus-sets 7 and 8. 

The STR signal acted upon the S transmission 
delay counter in Figs. 75c to cause the 10 ms. 
delayed signals STRDI to be produced (Item 12) . 
Under control of these signals, the A intermedi- 
ate reset relays AIR were energized (Item 13) , 
breaking the pick-up circuits of relays AOP Which 
are now held by their stick circuits. The STR 
signal was then terminated under control of the 
signal Strdi and also the "a" signal was pro- 
duced (Item 14). Under control of the "a" sig- 
nal, the A sides of the Operational Sign and the 
in Code permutation circuits (Figs. 60 and 61) 
were heated (item 1SS), and also the A sides of 
the Oc-Es to Int and ic-int to ES pilot units 
selection trees (Pigs. 57 and 58) were heated 
(Item 15a) , the heating of the T branches being 
further dependent on the OP2 trees. The "a" 
signal also may function to neat the other three 
groups of pilot units selection trees (Figs. 54 to 
56) selectively according to the zero filter condi- 
tions and the OP2 conditions (Item 156) . in the 
present situation only the heating of the A sides 
of the OC-ES to Int trees has any effect on the 
scanning operation of the commutator. 

The STRDI signal also was effective through 
the same means which produced the "a" signal 
and through a trigger I3X (Pig. 78?) to cause 
the signal SCM to be produced (Item 16) . This 
signal controlled the production of the a I signal 
which caused the heating of the A sides of the 
Q, R, and SHI shift code circuits (Pigs. 62 and 
63) and of the A side Of the OP1 pyramid 
(Pig. 59). 

The OP I pyramid, being set at 00, caused the 
No OP signal to be produced (Item 17) . After 
a short delay sufficient to allow the OP I pyramid 
to perform its function, the SCM signal caused 
the ink signal to be produced. The Ink signal 
combined with the NO OP signal to condition 
the; commutator NO. 

Two AP pulse cycles after the SCM signal was 
produced, the signals OCO, PS, SPR and NPR 
were produced (Item 21). 

15 ms, after the production of the STRDI 
signals, the STRD2 signal was produced (Item 
18) causing the relays AIR to be deneerglzed 
(Item 19). 

As described in Item 20, the dial switches 
DSIS and DS2S Were preliminarily adjusted to 
cause certain ground Signals to be applied to 
pilot units 7 and 8. These are the OC07 and 
8; the PRES7 and 8, and the ICIS7 and 8 ground 
signals. Upon the production of the commu- 
tator signal OCO (Item 2i), it acted in con- 
junction with the OC07 and 8 signals to cause 
the pilot units 7 and 8 to produce their re- 
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spective signals OCS (Item 22). One effect 
of the OCS signals is to block the production of 
SE and AE return signals and prepare for their 
subsequent emission. The OCS signals, in pilot 
units 7 and 8, also provide one condition for 
the production of the cancel signals and entry 
signals for electronic storage units EST and ES8. 
Another condition of the production of these 
signals was the receipt of Forward signals by 
pilot units 7 and 8 (see Item 24a) . Under con- 
trol of the Forward signals (acting through 
Forward Signal Delay Counters) and the signals 
OCS, the pilot units 7 and 8 produced the cancel 
signals ESC and the entry signals Out to ES 
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the scanning step of the V spot, the a2 signal 
was dropped and the trigger ITmj is reset so that 
one condition for start of the next commutator 
run was established (Item 26-2). 

Under control of the AE signal (Item 25) 
which followed the entry into electronic storage, 
the signal AED was produced about 16 ms. later 
and reset 1 9w, so that another condition for the 
next run of the commutator was established 
(Item 27) . The final third condition for a new 
commutator run was established (Item 39) un- 
der control of an STRDi signal given about 10 
ms. after the STR pilot signal was produced 
after the transmission of data from electronic 
(Item 24b). As a result, the first real line of 15 storage (Item 33). 

sequence data was brought from the selected tape The AE signal also acted to cause the relays 
stations into the electronic storage units 7 and X2, XM and X3 to X6 to be deenergized (Item 
8. Move signals SMS were produced, after ter- 28). 

mination of the entry signals, for causing the The SE signal (Item 25) served to cause the 
selected tape stations to step to their next des- 20 relays XI to be deenergized (Item 29). 

Another function of the AE signal (Item 25) 
was to terminate the OCO and PS signals and 
then cause an SW signal to be produced (Item 
31) which signal combined with the ICIS signals 



ignation lines. 

The signals PRE produced in pilot units 7 
and 8 by the mixing of the signals PRES7 and 
8 with the signal SPR (Item 23) were stored 
by triggers 30 and 29 in 3CP (Fig. 80c), as a 25 (Item 20) to produce the ICI signals. The effect 



condition to the production subsequently of the 
transmission signals ES to In. With 30 turned, 
the AT and STR pilot signals were blocked. 
Also, turned 30 conditioned 17 to prepare for 



of these ICI signals, in combination with the 
stored effect of signals PRE (Item 23) , was to pro- 
duce the RDL signals in pilot units 7 and 8 (Item 
31) . Under control of these signals RDL and ICI, 



subsequent initiation of the operation of the 30 these pilot units produced the transmission sig- 



TR transmission delay counter (Fig. 80d) 

Substantially at the same time as the Move 
signals were terminated, the pilot units 7 and 
8 became effective to produce the SE and AE 
return signals (Item 25) . The signal SE mani- 
fests completion of the entry of sequence data 
into electronic storage while the signal AE mani- 
fests the completion of entry of all data into 
electronic storage. 



nals ES to In for causing the new line of se- 
quence data in electronic storage units 7 and 
8 to be transmitted to the then open B side of 
sequence storage (Item 31). After a transmis- 
35 sion delay (Item 32), the transmission signals 
terminated. The RDL signals also functioned 
through reset delay counters in pilot units 7 
and 8 to allow the AT and STR pilot signals 



to be produced, this occurring after the trans- 
At the time that the signal OCO initated 40 mission from electronic storage had been corn- 
events leading to entry of data into electronic pleted (Item 33) . One AP pulse cycle after the 
storage, the signal PS (Item 21) initiated the SW signal was produced, the ICIC signal was 
scanning sequence of the commutator spots P, produced and initiated operation of the ICIC 
Q, R . . . V (Items 26a to 26V) . The PS sig- delay counter. Some 3 ms. after the transmis- 
nal acted upon the P spot of the commutator 45 sion from electronic storage started, the ICIC 



to cause a signal PI to be produced and to pre- 
pare for the production of a P.OC signal (Item 
26P) . The PI signal combined with a PbO (OC) 
signal in the blank code chassis BC in Fig. 78L 



counter caused the relays BOR to be energized 
(Item 34). 

Under control of the STR pilot signal, the 
STR commutator signal was again produced 



to produce the PIL.OC signal as a result of which 50 (Item 35). One effect of the STR signal from 



the P.OC signal was emitted and caused an 
OP.OC signal to be applied to the calculation 
control commutators and the NO commutator. 
Since the NO commutator was the only one which 
was conditioned for response to the OP.OC sig- 
nal (Item 17), this commutator returned an 
OP.BS signal which terminated the P spot op- 
eration and initiated the Q spot operation. In 
a similar manner the Q and the R spots suc- 



the commutator was to cause the relay BM to 
be deenergized and the relay AM to be energized 
again. In other words the gate to the B side 
of sequence storage was closed and the gate to 
55 the A side reopened. Further, the STR. signal 
dropped the relays BOR (Item 35) . 

The STR signal also caused the relays Yl, Y2, 
YM and Y3 to Y6 to be energized (Item 36). 
With these relays energized, the B sides of the 



cessively operated (Items 26Q and R). At the 60 SI, S2 pyramids and of the Out sequence storage 



end of the R spot operation, a finish R signal 
FR was produced and this signal caused the a I 
signal to terminate and the a2 signal to be pro- 
duced (Item 26-1) . The FR signal also re- 



permutation circuits are heated and the program 
data now in the B side of sequence storage is 
translated into selective energizations of the re- 
lay storage Group and Unit Outs, the tape stor- 



started the Ink delay, at the end of which the 65 age group and unit (station selector relays) Outs, 



timing signal Ink again was produced. The a2 
signal controlled the heating of the A sides of 
the U and V shift code circuits and of the OP2 
pyramid. As this pyramid was also set at 00, 
the commutator NO again was conditioned un- 
der control of a NO OP and Ink signals for the 
scanning of the second half of the line of se- 
quence by the T, U and V commutator spots. 
Scanning by these spots is similar to that ex- 



the Move relays, the dial storage Group Outs, 
and the Table Look-up Group Outs and Table 
Outs. 

The AT pilot signal (Item 33) caused the 
70 commutator to produce the AT commutator sig- 
nal as a result of which relays XT were deen- 
ergized and the relays Y7 energized (Item 37) 
so that the B sides of the In sequence storage 
circuits are heated, with the effect of causing 



plained for the P spot- At the termination of 75 selective operation of the relay storage Group 



■ Wait. Ins mid: tattles looto-un Group Ins 
■net TattDe Ids; in accordance, with the program 
data presented by the In fields; of the line of 
sequence now stored, in the B: side. 

Another effect of the: AT commutator signal, is 
tn cause a delayed AID: signal to be produced 
(Ztem. 380 far restoring 27X in, preparation, for 
the production of the next SPR; and NPB sig- 
nals (Bern 38) . 
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Cade number 02 in. field OPl calte foe atxnimu- 

lation without; half correction. 

In, brief, the instructions given, by the above 
fields P, Q, B, SHI, and OPl are to send terms 
from relay storage units 018, and 0:1,1 via elec- 
tronic; storage units I and 2, respectively, to the 
accumulator to be accumulated without, change 
in sign of the terms and without half, correction, 
and for the algebraic sum to be routed through 



The STB commutator signal again functioned jo the denominational shift unit without column 



through the S transmission delay, counter (Item 
3&Y to. cause the STRDI pulse and the S.TRD2 
mise to be produced. Under control: of. the 
STRDI pulses; the relays BIB were: energized 
(Item 36) ; the "a" signal terminated,, the B sig- 
nal produced, and the final; third condition: for 
the start of a new commutator run,, as; mani- 
fested by production, of a signal SCM: was, safer 
fifed. Ibis signal SCM, in conjunction with the 



shifting/and thence via electronic storage unit 
1 to relay storage unit 030. 

The code number 16 in SI, along with plug>- 
ging. such as explained in Section 11, selects the 
source of the next SISeg data. 

Held T is classed by 04 in. OP2 as an Out 
field, as it would be by any other number but 
01 in. OP2. The fact that T is an Out field 
means that digit 3 in Tb will select, the Out 



previous BR signal (Item 28-1) caused the B.J 20 bus-set 3. to receive an amount from the source 



signal to tee nroduaedl The signal SCM also 
started the operation of the Ink delay- circuit 
to. tfie- P spot (Pig, 78e) ... ' 

The B and Bt signals control the heating of 
the B sides of the Operational Sign and: the In 
code permutation circuits (Figs; 60 and 61) , of 
the pilot units; selection trees (Figs. 54 to 58) , 
otf the Q, R and SH.t shift code combinational 
cirmrits (Pigs. 82 and 630;, and of the OPl pyra- 
mid (Fig; 507. 

IT. A sequence run for accumulation 

Assume that the first real line, of sequence data 
selected, by the- S It and S2 numbers in the A side 



selected by Tr. Number 433 in Tr calls, for. the 
amount to be read, out from; the tape at station 
I in tape storage, bank 2 via the A outlet of this 
station;, and for the tape to remain at rest after 
lit the number has been read out. Designation 1 
in. Ts represents the — operational sign which 
signifies that the number is to be handled with 
a change in sign. 
Peld U is classed: by 2 in Us as an Out field 
so which means that 6 in lib will select. Out bm- 
set S to receive a number. Number 2 in fur- 
ther signifies that the number/ is: to be handled 
without a, change in sign., Number 552: int..Ur 
calls for the number to be read out of the tape 



of sequence storage and. entered into the B side 35 at: station 10 in bank. 2 via the B outlet of: this 

station,, and for the tape to be moved after the 
number has been read out. 

Field; V is classified by 4 in Vs as an In field 
and this number: in V* also- indicates that column 
40 shift, if any, of the result is to be to the. right 
and of less than. 10 columns in extent. Digit 5 
in VB calls for a number to be applied, to In bus>- 
set 5 via electronic storage unit 5. Code number 
151 in Vr represents relay storage unit: 1 5 !, which 



of: sequence storage-,, during the first sequence 
run (Seetton 16b), consists o£ the following: 

P* Vb Pr Qj Qfi Qr H». E* Hr SHI, OpZ St 

* ,i mt .i i mi i. v o?o. o-, 02. is 



■•at us. t,i? it* vie vr y s vr vr- am oj>2 

1. 3i 433» 2-. * 552; * 5- 151 <h 04 



S2- 
OS 

The significance; of the code numbers is clear 



from Sections to, 7 and 11 and also will be is the 15th such unit in set I. 



brought out in the following portions of the; pres- 
ent- section. 

P always is an Out field,, and the code num- 
bers in this field can for an amount to be read 
out of relay storage unit ft'fcO; (Pr> to Out, bus- 
set t (PB) anff for the amount to be handled 
without a change- in sign; since, code number 
I (Ps? designates the; -f operational; sign (see 
Section 2o). 

The Q field is characterized as an. Out field by 
number 2 to Qs and; this number also indicates 
that the amount to be read out of relay storage 
unit Oil (Or) to Out bus-set 2 (Qb) to be 
handled without a change in sign. 



.iu 



Code number 6 in SH2 designates the units 
digit of the denominational shift amount This, 
together with the. fact that. Vs bears digit 4„means 
that the denominational shift is to be 6 eolumns 
to the right.. 

Code number 04 in OP2 instructs the machine 
to perform; accumulation with half correction of 
the result. 

In short, the instructions, given by fields T. tr, 
V, SH2 and OP2 are, that numbers from stations 
I and I * of hank 2 be applied via. their A and B 
outlets to. Out bus-sets 3 and respectively, to 
be routed through electronic storage units 3 and 
ft to the accumulator, that the: tape at station: 10, 



The B field is. characterteed, by 4- in its * sub- <jo bank 2 be advanced after the number has been 

read; out; of the tape, that the sign of the term 
taken; from station 1, bank 2' be changed; that 
the sum be shifted, by the denominational shift 
unit 6 places to> the right, that the half corree- 
therefore, the. B field calls for a- result; to be m tion entry of 5 be made in the 5th order of the 



as an In field. Further, this number in 
Rr cans for a shift, if any, to the right of less 
than 10 columns. Code number 030; in Rr rep- 
resents relay storage unit; 030,. to entirety, 



entered; in relay storage unit 030 from In bus- 
set I; (RB) with a denominational shift of less 
than 10 columns to the right to be effected by 
the denominational shift unit; (Section 12). 

The code number 0 in SHI; signifies that the 70 
units place digit of the denominational shift 
amount is zero. Since the code number 4 in 
B* indicates zero to the tens place of the de- 
nominational shift amount, it is clear that the 
denominational shift is to be zero. 



sum, before the denominational shift is^ com- 
pleted and that the rounded off result be routed 
via^ electronic storage unit 5 to relay storage unit 
151. 

Code number 02 in S2 together with the plug- 
ging given in Section 1SB> Item S, selects 1 the 
tape at station 10, bank 1 as the source for the 
next S2Seq; data and calls for this tape to be 
line-spaced after the data has been read out of 
75 the tape. 
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Kef erence to the summary given at the end of 
Section 16b shows that after the transmission of 
sequence data from electronic storage to the B 
side of sequence storage, the STB pilot signal was 
produced and caused the A side of sequence stor- 5 
age to be reopened (Item 35, Section 16b) , and 
the relays YM and Yl to Y6 to be energized 
(Item 36, Section 16b) . The STR signal was fol- 
lowed by the 10 ms. delayed signal STRDI which 
was effective, when the scanning sequence had 10 
been completed and the all entry delay signal 
AED had been given, to initiate operations lead- 
ing to the production of the b signal, a new SCM 
signal, the bl signal, and new OCO and PS sig- 
nals. 15 

At the end of all data transmission from elec- 
tronic storage, the AT signal (Item 33, Section 
16b) was produced and caused the relay YT to be 
energized (Item 37, Section 16b). The signal 
AT also was followed about 16 ms. later by the 20 
ATD signal which caused the restoration of 
27X (Fig. 78j) so as to allow the new SPR and 
NFR signals (Item 38, Section 16b) to be pro- 
duced provided three other precedent conditions 
have been met, these three conditions being the 25 
same as required for the new OCO and PS sig- 
nals. 

As the relays YM and Yl to Y7 are energized, 
the SI, S2 pyramids, the Out and the In sequence 
storage circuits (see Pigs. 47a to 52b) are all 30 
heated on the B sides. The b signal causes the 
heating of the B sides of the Operational Sign 
and the In Code sequence storage circuits (Figs. 
60 and 61), and of the pilot units selection trees 
(Figs. 54 to 58) ; the bl signal causes the heating y-j 
of the B sides of the Q, R and SHI shift code 
sequence storage circuits (Figs. 62 and 63) and 
the heating of the B side of the OP1 pyramid 
(Fig. 59), all as described In detail in Item 39, 
.Section 16b. -m 

1. The heating of the B side of the relay 
storage Group Out pyramids (Figs. 47a and 49a) 
causes the P pyramid set at 010 in the subfield r 
and at 1 in the subfield b, to pick up the relays 
ORS-GOl of relay storage Group Out I asso- 
elated with the "0" set of relay storage units (see 
Section 7 and Fig. 28). The heating of the B 
side of the relay storage Unit Out pyramids (Fig. 
48) causes the P pyramid to pick up the relays 
U "out" 010; i. e., the relays in relay storage 
Unit Out 010 which is the Outlet for station 010 
in the "0" set of relay storage. With the Unit 
Out 0 1 0 and Group Out I of relay storage set 
"0" operated, the data in relay storage unit 010 

is applied along with a Forward signal to Out 6S 
bus-set I, in the manner described in Section 7. 

2. The heating of the B sides of the Q branches 
of the relay storage Group Out pyramids and 
Unit Out pyramids causes these branches set 
at 2 in Qs, at 2 in Qb and at 011 in Qr to pick 60 
up relay storage Group Out 2 of relay storage set 

I and Unit Out Oil which is in this relay storage 
set. The amount in this relay storage unit is 
therefore impressed, along with a Forward sig- 
nal, on Out bus-set 2. 65 

3. The heating of the B side of the tape storage 
Group Out pyramids (Figs. 47b and 49b) causes 
the T branch set at 3 in Tb and at 433 in Tr to 
pick up tape storage Group Out 3 of tape storage 
bank 2 (see Section 11). The heating of the B 70 
side of the station selector pyramids (Fig. 47d) ". 
causes the T branch set at 433 in Tr to pick up 
station selector relays I ASS of bank 2. Accord- 
ingly, the data designated on the line, at sensing 
position, of the tape at station I of bank 2 is 75 



applied along with a Forward signal to Out bus- 
set 3. The heating of the B side of the station 
move pyramids (Fig. 47c) does not establish a 
circuit through the T branch because the Tr 
sequence storage relay rlOO is not energized in- 
asmuch as the code number in Tr is 433, and 
hence the TrIOOe contacts are open. This pre- 
vents a circuit from being established through the 
T branch of the station move pyramids. Accord- 
ingly, the relay MA of bank 2 of tape storage 
is not energized. 

4. The heating of the B side of the tape storage 
Group Out pyramids (Figs. 47b and 49b) causes 
the U branch set at 2 in Us, at 6 in Ub and at 552 
in Ur, to pick up the tape storage Group Out 6 
associated with bank 2. The heating of the 
B side of the station selector pyramids (Fig. 
47d) causes the U branch to pick up the station 
selector relays 1 0BSS of bank 2. Accordingly, the 
data designated on the line, at sensing position, 
of the tape at station 1 0 in bank 2 is impressed 
along with a Forward signal upon Out bus-set 6. 
The heating of the B side of the station move 
pyramids (Fig. 47c) causes the U pyramid to 
establish a circuit path through the station move 
relay MB of bank 2. 

5. The heating of the B sides of the relay 
storage Group and Unit In sequence storage cir- 
cuits (Figs. 51 and 52a) causes the R pyramids 
set at 4 in Rs, at 1 in Rb and at 030 in Rr to pick 
up relay storage Group In I and relay storage 
Unit in 030 of relay storage set 0. Accordingly, 
relay storage Unit 030 is conditioned to receive a 
result from In bus-set I and a reset signal from 
bus 82 of In bus-set I. Also, a back signal is 
sent from the +150 v. line (Fig. 29)' via the 
shifted. points bs of the operated Unit In 030 and 
the points bs of the operated Group In I of stor- 
age set 0 to bus 81 of In bus-set I . 

6. The heating of the B sides of the relay 
storage Group In and. Unit In pyramids causes 
the V pyramids Set at 4 in Vs, at 5 in Vb and at 
151 in Vr to pick up Group In 5 and Unit In 151 
of relay storage set I . Accordingly, relay storage 
Unit 151 is conditioned to receive a result from 
In bus-set 5 along with a reset signal from bus 82 
of this In bus-set. Further, a back signal is 
applied via contacts bs of Unit In 151 and via 
contacts bs of Group In 5 of relay storage set I 
to bus 81 of In bus-set 5. 

7. The heating of the B sides of the SI, S2 
pyramids (Fig. 50) causes the SI pyramid set at 
16 to apply ground to socket SUP 1 6, SGPI6 and 
SMPI6; and causes the S2 pyramid set at 02 to 
apply ground to sockets SUP02, SGP02 and 
SMP02. The plugging of the latter three sockets 
has been explained in Item 8, Section 16b. Ac- 
cordingly/the code number 02 in S2 and the illus- 
trative plugging causes selection Of the next 
S2Seq data from station 10 of bank 1, to be ap- 
plied through its B station selector to Out bus- 
set 8, along with a Forward signal. Further, 
the move relay MB of bank 1 is energized. : 

Assume the SI code number 16 is to select re- 
lay storage unit 014 as the source for the next 
S I Seq data to be piloted through electronic stor- 
age unit 7. For this, the plugging is from Socket 
SUP 1 6 (Fig. 53a) to socket RSUP0I4 and from 
socket SGPI6 (Fig. 53b) to socket RSGP7-4. 
Consequently; Group Out 7 and Unit Out 014 of 
relay storage set 4 are actuated, and the data in 
relay storage unit 0 1 4 are impressed along with a 
Forward signal on Out bus-set 7. The socket 
SMP I6 is not plugged inasmuch as a Move signal 
is not required for relay storage. 
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8. The heating at b signal time of the B Side 
at the operational sign sequence storage circuits 
(Fig. 60) causes reduced potential to be applied 
Via contacts Ps2e to output wire 2P. Similaffly, 
reduced potential is applied to output line 2Q 5 
via contacts QsSe, Qs4e and Qs2e. Also, reduced 
potential is applied to line IT via contacts Tsle 
and reduced potential is applied to line 2U via 
contacts Us8e, Us4e and Us2e. The 'output limes 
2P, 2Q, IT and 2U are connected to the grids of ia 
tubes 3, 7, 13 and IS in the OPSN section Of Fig-. 
781,. Accordingly, these tubes are now cut &S-. 

9. The heating at b signal time Of the B side 
of the In code sequence storage circuits (Fig. -64) 
causes reduced potential to be applied via the B 33 
side Contacts Usif to output wire BIG, Also, 
reduced potential is applied via the B side con- 
tacts Vs4/ to output wire VIC. The low potentials 
on the output lines RIC and VIG are applied to 
tubes 4 T and 28, respectively, in Fig. 98b, cutting 20 
off these tubes. 

10. The heating at 6 signal time of the B sides 
of the pilot units selection trees in Figs. 54 to 58 
results in signals being produced as follows : 

(a) OGOi : Via the B side tree Pb (Fig. 54> »5 
Set at i. 

<W OCOK: Via the normally closed B side 
contacts Qs9& (Fig. 54) and Qsig-, and the tree 
Qb set at 2. 

(c) OC03 : Via the B side tree Tb (Fig. 54) 30 
set at 3. 

(d) OGOS: 
contacts UsSsr 
tree set at 8. 

(€) PRESl: Via the now closed B side contacts 35 
EU4i (Fig. 55) , of the tree Rb set at I . 

if) PRESS : Via the now closed contacts Vs4i 
(Fig. 55) , and the tree Vb set at 5. 

(g ) ICR I : Via the now closed B side contacts 
Rsij (Fig. 56) and the Rb tree set at i . 40 

ih) ICV5 : Via the now closed B side contacts 
V«4j (Fig. 56) and the tree Vb set at 5. 

(i) Pb I ; Via the Pb tree, on the B side, (Fig. 
57), set at I. 

( j) Qb2 : Via the normally closed B side con- 



Via the normally closed B side 
(Fig. 54) and Us4{7, and the Ub 



subfleld is 4, the B side relays Rs4 are energized. 
Hence, upon the heating of the B side of the R 
shift code sequence storage circuits (Pig. 63) Cut- 
off potential is applied from the B side heating 
terminal LRSHR via the contacts Ustm and 
Rsl m, as is, the output line RTSH. In the pres- 
ent example, the contacts "RsZn are not closed 
and therefore the heating potential on terminal 
48SHR on the B side, will not be transmitted 
to the output line I OSH. Also, s'ihCe the contacts 
R&80 are also open, the heating potential from 
•the terminal 20SHR, oh the B side, will not be 
applied to the output line 20SH. It should be 
noted further that if the contacts RSIwz. were 
shifted, which is the case when there is an odd 
digit in subfleld R», then the circuit to the out* 
put line RTSH would be open and instead the 
circuit to the output line LTSH would be closed. 
Referring to Fig. 78a, if reduced potential were 
present on line I OSH. then tube 18 would be 
cut off and increased potential would appear on 
the minuend line MNIO. Likeswise, if reduced 
potential were present on the line 20SH, the tube 
19 would be cut off and the line MN2A would be 
at increased potential. In the present example 
neither of the lines I OSH and 2 OSH is at re- 
duced potential and accordingly the lines MNtfO 
and 28 remain at reduced potential. In shorty 
the denominational shift called for by the Siseq 
line being 0, none of the minuend lines MN is 'at 
increased potential. The line RTSH is at re- 
duced potential and cutting off 25 so that the 
output line RT in Fig. 78a is at increased poten- 
tial. The increased potential on line RT condi* 
tidns the tube 1 7 in Fig. 27 e so that upon the sub- 
sequent application of the Ink signal to the tube 
the trigger 21 will be placed in Its right-shift 
condition. This would cause the denomina- 
tional shift, if any had been called for, to tale 
place to the right, as explained in Section 12. 

12. The signal SCM was produced upon the 
turning of 13X (Fig. 78?') following the meeting 
of three conditions arising from the previous 
commutator run. These three conditions are 
the completion of the scanning sequence, the 



tacts Q38fi. (Fig. 57) and Qsih, and Qb tree set « production of the signal STRD1 and the produc 



at 2. 

(7c) Tb3; Via the B side tree Tb (Fig, 57) set 
at 3, 

(!) TJb6 : Via the normally closed B side con- 
tacts UsSh (Fig. 57) and Us47i and the tree lib 
Set at 6. 

im) IRCi : Via the now-closed B side con- 
tacts Rsfe (Fig. 58) , and the Rb tree set at I. 

in) IVC5 : Via the now-closed B side contacts 
Vs4/c (Fig. 58) and the Vb tree set at 5. 

11. The bl signal has caused the heating of the 
B sides of the SHI> Q, and R shift code sequence 
storage circuits (Figs. 62 and 63) as previously 
explained; The code number 1, 2, 4; or 8 in SHI 
would result in the energization of the B side 
relay I SHI, 2 SHI, 4SHI or 8SHI and the closure 
of their respective contacts a, so as to apply re- 
duced potential to the lines ISH, 2SH, 4SH and 
»SH, respectively, in Fig, 62. Reduced potential 
on the lines ISH, 2SH, 4SH or OSH would cut off 
the tube 27M (Fig. 78d), 21, 22, or 17, respec- 
tively, causing increased potential to appear on 
the output line MNI, 2, 4, or 8 (also see Section 
12 and Fig; 27a). in the present example, the 
field SHI is blank; therefore none of the lines 
ISH, 2SH t 4SH and 8SH in Fig. 62 is reduced ih 
potential, and none of the lines MNI, 2, 4, and 8 
iS Increased in potential. 

Since the code number in the B side of the Ra 
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lion of the signal AED. The signal SCM re- 
stored 22Z (Fig. 787c) so as to "cause the bl signal 
10 be produced for heating the B sides of the SHI, 
Q and R shift code circuits (Figs. 62 and 63) and 
the B side of the OP I pyramid (Fig. 59). As 
only the turning time of trigger 22Z elapses be- 
tween the signal SCM and the signal bl, these 
two signals may be considered as substantially 
simultaneous. 

The SCM signal', which is positive in char* 
acter, is effective to render l a ih the P spot (Fig. 
T8c) conductive, causing it to produce a nega- 
tive pulse which is 'applied by way of We anode 
resistor of I to the first trigger 5 in the Ink de* 
lay circuit. Upon 5P turning, it is reset by next 
AP pulse ahd acts through 8 to cause the posMve 
signal ACCli to be produced. This signal 1b 
applied to 5-ACG.G (Fig. 78AJ 60 as to cause 4, 
fit "ft httd been turned to be reset. As will 'Be 
brought out in Item l*e, 8 will have been turned 
if the commutator ACG.C had been conditioned 
in the preceding sequence run. Ab uhc^rstodd, 
the calculation feohtrol commutators are selec- 
tively conditfoned in the first haH of a seq^enSfe 
r«n according to the code number in field OPl 
aitd are cOhditiened ih the second half hf a se^ 
quence run according td the code number ih rleld 
OP2-. At the begifinftig of the first half of a ruh, 
«fe signal SGfti causes the 'trigger SP ia turn-. 



2,636,672 

187 188 

At the end of this first half of a sequence run, couple 17 — I To acts through 18 to turn 19 causing 
the signal FR acts similarly to the signal SCM 20 to produce a positive R "in" signal. Similarly, 
to turn 5P. Hence, if the accumulator commu- the couple 29 — 29a acts through 30 to turn 31 
tator ACC.C has been conditioned during the which causes 32 to produce the positive V "in" 
second half of a previous sequence run, it will 5 signal. It is seen that the triggers 1 9 and 3 1 
be de-conditioned by the signal SCM at the be- have been turned to store the fact that the R 
ginning of the next run. If the commutator and V program fields are In fields. These trig- 
ACC.C has been conditioned for the first half gers will not be restored until the scanning se- 
of a sequence run, it will be de-conditioned un- quence has been completed as manifested by the 
der control of the signal PR at the end of the 10 signal PC (see Section 16b, Item 26 — 2). Thesig- 
flrst half of the run. When 5P is turned as de- nal PC will then render 26, Pig. 78b, conductive 
scribed above, it cuts off 3a. Unless field T is causing it to return any of the triggers 15, 19, 23, 
an In field, the tube 3P also will be cut-off and 27 and 3 1 which may have been turned to store 
when 3a is cut off, upon the turning of 5, the In conditions of the fields Q, R, T, U and V re- 
couple 3 — 3a is effective to make 8 conductive, 15 spectively. 

causing it to produce the negative signal HCR. As described above the positive signals R "in" 
This signal as previously described in Section 13 and V "in" were produced upon the occurrence of 
resets the half correction suppression storage the signal Ink. The signal R "in" goes to the 
trigger 5 and the tolerance check storage trig- R spot (Pig. 78c) and renders I and la conduc-; 
ger 22, both in Fig. 71ff. It is seen that these two 20 live. Upon I becoming conductive it turns 5. 
triggers are reset at the beginning of a sequence This conditions the R spot to perform an IC step 
run, under control of the signal SCM. At the during which the signals R2 and R3 will be pro- 
end of the first half of a sequence run, the signal duced at sequential times as will be described. 
PR causes 5P (Fig. 78c) to turn and as a re- When la is made conductive it cuts off 18. This 
suit the signal HCR again is produced for reset- 25 prevents 18 from being rendered conductive at 
ting triggers 5, Pig. 71ff, and 22, Fig. 71gr. Thus, the end of an IC step of the preceding spot Q 
the trigger 5, Fig. 71ff, is reset at the beginning (Pig. 78d). If the tube 18 were not de-condi- 
of each half of a commutator run, in order to tioned under control of the signal R "in," then 
prepare this trigger to be selectively turned or if the tube 18 should receive a signal QIC from 
left unturned for each half of a sequence run 30 spot Q as would be the case at the termination 
according to whether the codes in fields OP I and of an IC step of the Q spot, the tube 1 8 would 
OP2 do or do not call for suppression of half be made to conduct and cause trigger 23R to 
correction to attend an accumulation calcula- turn. Turned 23 would act through 2 and 30 
tion. and 31 to produce the signal Rl. This signal is 

13. The b I signal also heated the B side of the 35 to be produced only if the R spot is conditioned 
OP I pyramid (Pig. 59). Since this pyramid is to perform an OC step. When a spot such as the 
now set at 02, cut off potential is applied to R spot is not conditioned for an IC step and the 1 
77a, non-conductive causing the tubes 22 and preceding spot performs an IC step, then the 
22a to become conductive. The tube 22 then turning of 23R is effected by rendering 18 con- 
cuts off 30, which causes tube 24 to produce 40 ductive in the manner described above. If the 
a negative ACC Code signal. This signal is sent preceding spot is performing an OC step, then 
to tube I in the accumulator control commuta- its signal, as Q.OC, turns trigger 2 IR. This trig- 
tor ACC.C (Fig. 78A) and cuts off the tube, which ger is reset °y tne next OP.BS signal, causing 
then applies conditioning potential to the sup- 22B to turn > which turns 23R. 

pressor of 2 46 Tiie si e n al R "in" also renders 27R (Pig. 78e) 
The OP02 signal also causes the tube 22a, Fig. conductive so as to block the reversal of 23 which 
77a, to be made conductive, as described above. otherwise might take place under control of trig- 
Tube 22a then applies reduced potential to line f£f *L a D nd "\ ™ e reV ,f rSal „ °I " W °^ d ° aUSe 
HCSw. Consequently, 30, Fig. 77b, is cut off, K „ ^ B ' £ ^J^^A*™ 

causing 24 to produce a negative signal HCS S : 50 ^ £2^2 **J£? ^W** St6P Q 

n^,;„ „;™„i „« in ™„ %o„ c ,,k„„ „„«„ spot, and this signal is to be suppressed when 

This signal cuts off 30, Pig. 78a Subsequently t R is conditioned to perform an IC step, 

(about ^ ms. later) the signal Ink will be pro- ^ signal v ., in „ sjm £ arl acts ln ^ * 

duced (see Item 14) and will cut off 30a If 30 (Fig . 7Bft) to condit ion this spot for an IC step 

has been cut off by the signal HCSS, then the 55 ^d to block its production of a VI signal, 

couple 30— 30a will make 29 conduct so as to pro- Briefly, the signal V "in" makes I and la in the V 

duce the negative signal HCS. As described in spot conduct. When I is made conductive it 

Section 13 this signal acts through I and la in turns 5 which prepares the V spot to perform an 

Pig. 7 Iff to turn 5 so as to store a half correction ic step. When la conducts, it de-conditions 18 

suppression command with respect to the ac- eo so as to block the production of a signal VI at 

cumulating operation. the termination of an IC step of the U spot if 

14. The signal ECM has initiated the operation the latter step has been called for. The signal 
of the Ink delay in Pig. 78c as pointed out in V "in" also renders 27V conductive to block the 
Item 12. The signal Ink is produced by the Ink turning of 23 so as to prevent the production of 
delay circuit V2 ms. after the signal SCM. The 65 the signal V' at the termination of an OC step 
Ink signal times the following operations: of the U spot should the latter be called for. 

a. The tubes 17 and 29 in Pig. 78b have been b. The signal Ink renders the tube 5, Fig. 27b, 

cut off as a result of the R and V branches of the non-conductive to produce a positive Ink signal 

In code sequence storage circuits (Fig. 61) being as a result of which the denominational shift 

set to represent the In codes in the subflelds Rs 70 amount, if any, manifested by increased poten- 

and Vs. This has resulted in the lines RIC and tials on the lines MN in Fig. 27a, is entered into 

VIC being reduced in potential, at b signal time, the descending counter of the denominational 

so as to cut off the tubes 17 and 29 in Pig. 78b shift unit, in the manner described in Section 12. 

(see Item 9) . The Ink signal which occurs about The positive Ink signal from tube 5, Fig. 27b; 

Ms ms. later cuts off 17a and 29a. Hence, the 75 also renders the conditioned tube 17, Fig. 27c 
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»*ie Item 11 ) conductive so as to cause the trig- the positive pilot signal PiLOC As Song as Sitt is 
•cr 2 I to be placed in Its right-shift status. In cut off, it blocks the pilot signal ES to Int which 
the -preparation for the first half of the present is the signal for timing transmission from the ra- 
rna, none of the lines MN has been placed at lated electronic storage to the Internal Out bus- 
increased potential (see Item 11) and the de- g set (see Section 6).. The tube 1 5- 1 CP In a pilot 
mending counter in Fig- 27a, remains at zero. unit will be cut off by a signal OC Int produced 
: c. The negative signal Ink also is applied to when this pilot "unit receives a "1" signal from 
tube la In the commutator ACC.C (Pig, 78A) the scanning spot corresponding to the Out se~ 
euttlng it off so as to apply increased potential quenee field which has sleeted the pilot unit, as 
to the control grid of the previously conditioned io will be described in Item 16. When the trigger 
tube 2 (see Item 133 , Accordingly, tube 2 be- 2 l-ICP of this pilot unit is returned, which oc- 
cemes conductive and reverses trigger 6 -which curs after entry Into electronic storage has been 
may be called the gate of the commutator ACC.C. effected (see Section 16b, Item 25), the tube 15a 
The trigger 6 hi turned state cuts off tubes 4 is cut off. Only then can the cutting off of the 
and 1. Tube 4 conditions tubes 10 and II. The lis companion tube (S by the signal OC at be 
earn mutator ACCC is now conditioned for op- effective to cause the PiLOC signal and the KB to 
oration. Int signal to be produced. It is seen, then, that 
A. The Ink signal cuts off 30b, Pig, 78a. As a pilot unit selected by an Out sequence field 
30 also has been cut off (Item 13) , the signal will be conditioned, under control of a Forward 
HCS is produced, causing trigger 5, 71^, to turn 20 signal received thereby or under control of a 
and stare the half correction suppression signal. signal OCS produced in the pilot unit at the 
ISb. Trigger I3X (Pig. 78 j) turned at AP pulse time determined by the commutator signal OCO, 
time to cause signal SCM to be produced (Item to block transmission from the related electronic 
13).. The next AP pulse resets 1 3X which causes storage unit to the Internal bus-sets until the 
IX to burn (see Section 16b, Item 21), 3x is 25 entry of data from a source selected by the Out 
restored lay the following AP pulse and thereupon field has been completed into the electronic stor- 
turns SX and 1TX, which produce the commu- age unit. 

tator signals OCO and PS. The above considerations apply, 3n the present 
ISb. The commutator signal OCO senses the example, to pilot units I, 2, 3, and 6 selected by 
pilot units tor their selection by the tree signals 30 Out fields P, Q, T, and U. With respect to pilot 
OCO. These tree signals cut off selected tubes units 7 and 8, which are set to pilot sequence 
iJ-SCP (Fte 80c) in the pilot units. In the data, the signals ES to Int are not needed and 
DTesent example, the tree signals OCO I, 2, 3 and are not produced, since the sequence data is 
t have been produced, at b signal time (see Item transmitted from the electronic storage units J 
10), because fields P, Q, T and TJ are Out fields 35 and 8 to sequence storage and not to the Internal 
and their subflelds b contain digits 1, 2, 3 and 6, bus-sets. Hence, in pilot units 7 and 8, the block- 
respectively. The dial switches DSIS and DS2S in s of signals ES to Int and Pil.OC is merely 
are not readjusted and their sections I cause sig- incidental since these signals will not be pro-? 
nals OCOT and 8 to be produced (see Section 16b, duced in any event. 

Item 20). The signals OCOl, 2, 3, 6, 7 and 8 40 When trigger 2 5-2 CP (Pig. 806} ina pilot unit 
oat Off the tubes U-8CP (Pig, 80e, for example ) is reset, which occurs after this unit has produced 
in pilot units 1, 2 3, 6, 7 and 8 respectively. The both signals OCS and PSD, it renders 18-ICP 
eoDttmutatoT signal OCO now cuts off all the tubes (5i R. 80et > conductive, causing 14-1 CP and 2 2-1 CP 
Itt-SOP. Accordingly couples I2-I2a in 5CP to turn - u P° n 22 'turning, it serves through 18a 
of pilot units 1, 1, 3, 6, 7, and 8 are effective to 45 and 4 to produce the cancel signal ESC. When 14 
cause the signals OCS to be produced by these is turned, it cuts off 7, causing I to produce the 
pilot units. These pilot units also have received negative entry signal Out to ES. One AP pulse 
Forward signals *see Items 1, 2, 3 4 and 7) , If c ^ £lB alter 12 fe turned, it is reset and ends the 
the delay signal PSD of such pilot unit has been ^ naL u f°« *** return of 22, it turns 
produced prior to the signal OCS, it will have 50 * * which is reset by the next AP pulse andthere- 
oaused 25-2CP (Pig. 80b) to turn, and one AP upon returns 1 4 to end the entry signal. The re- 
pulse cycle later the suppressor of 32-2CP will turn of 27 also causes 13 and 20 to turn. Turned 
have been conditioned. The signal OCS will then 13 acts through 8 and 2 to produce the .negative 
cause 32 to conduct and turn 31 which will be M ' ove signal SMS. One AP pulse cycle after 20 
returned by the next AP pulse and thereby will 55 is turned, it as reset and turns I t. The next AP 
reset 25. If a pilot unit has produced the signal P^lse resets 19, which causes 25 to turn. The 
OCS prior to the signal PSD, then the signal n€x t BP P*" se resets 25, causing it to return 11 
OCS will have caused 28-2CP to turn and 32-2CP and 2< - Ths return of 13 terminates the Move 
to be conditioned. The signal PSD will then act signal. The return of 21 releases 15a— 15 for 
to cause 32-2CP to conduct, whereupon 31 will 60 operation by an OC Int signal and also removes 
turn. The return of 31 by the next AP pulse the pilot unit from blocking control over the AE 
will cause 28 to be reset. return signal. In the case of pilot units 7 and 
When 25-2CP of a pilot unit is in turned «. the Teturn of their triggers 21-ICP also re- 
status, it acts through 1 8 a- 1 CP (Fig. 88a) to moves these pilot units from blocking control 
tarn 21-ICP. With 2 1- 1 CP turned, it renders 66 over the SE return signal, as well as the AE re- 
83a conductive to block the all-entry signal AE turn signal. 

iCSectton 16b, Item 22). In pilet units 7 and 8, In the above manner, the pilot units 1, 2, 3, 6,1 

switches 1SQ are in seq positions and, therefore, and 8 have produced the cancel signals ESC I, 

tubes 33-1 CP also are conductive upon the turn- 2, 8, 6, 7 and 8; the entry signals Out to ES I, 2, 

ihg of ll-ICP, thus also blocking the sequence- 70 3, 6, 7 and 8; and the Move signals SMS 1, 2, 3, 

entry signal BE. 6, 7 and 8, respectively. Accordingly, the number 

Further, turned 21-ICP renders 1 5a- 1 CP con- and Sign in relay storage unit 010 are entered 

ftietlve. NbrmaBy, 15-fCP also is conductive. in ESI (Pigs. 20 and 22) , the number and sign 

With either 1 5a or 1 5 conductive, tubes 28 and In relay storage unit 81 1 are entered in ES2, the 

its are eat off. - As- long as '28 is -cut off; it Weeks TC number and sign read out of a fine of the tape 
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at station J, bank2 are entered in ES3, the num- 
ber and sign read out of a line of the tape at 
station 10, bank 2 are entered in ES6, the se- 
quence data SISeq in relay storage unit 014 are 
entered in ES7, and the sequence data S2Seq are 
read out of a line of the tape at station 10, bank 

1 and entered in ES8. The Move signals SMS I, 
SMS2 and SMS7 are ineffective in this example 
because the pilot units I, 2 and 7 are now pilot- 
ing data from relay storage units. The Move 
signal SMS3 is not effective because the move 
relay MA of bank 2 has not been energized (see 
Item 3). In order to allow for reading out of 
station I in bank 2 through its A station selector 
to Out bus-set 3, under instructions of the se- 
quence data, the sockets TS-GOP3 of bank 2 
will have been preliminarily plugged to sockets 
ASSP (see Figs. 32a, 34 and Section 9) . Further, 
the Move signal receiving circuit in bank 2 and 
associated with Out bus-set 3 will have had its 
socket 82 of the bank 2 set TS-GOP3 plugged 
to a socket AMS (see Fig. 32b). Inasmuch as 
the relay MA of bank 2 has not been energized 
(Item 3), the Move signal SMS3 will not be 
transmitted to any station in bank 2 which has 
been selected to read out through its A station 
selector. 

Thus, the Move signals SMS I, 2, 3 and T will 
have no effect in the present example. The Move 
signal SMS6 will be effective because Out bus-set 
6 has been selected to receive data via the B sta- 
tion selector of station 10 in bank 2, and relay 
MB of this bank has been energized (see Item 
4) . In this case, the sockets TS-GOP6 for bank 

2 will have been preliminarily plugged to bank 2 
sockets BSSP and socket 82 of TS-GOP6 in bank 
2 will have been plugged to a socket BMS. Ac- 
cordingly, the Move signal receiving circuit, in 
bank 2, which is associated with Out bus-set 3 
will transmit the effect of the Move signal via 
the now-closed contacts MBo (see Fig. 32b) and 
the now-closed contacts 82 of I OBSS, in bank 2, 
to the station 10 move control circuit in bank 2. 
Accordingly, station 1 0 in bank 2 will be stepped 
to its next line position after the data has been 
read out of the preceding line and entered into 
ESS, 

Similarly, the Move signal SMS8 will be effec- 
tive to cause the tape at station 10, bank 1 to be 
advanced one line space after the S2Seq data 
designated in its preceding line has been entered 
in ES8. 

15c. When the S I Seq and S2Seq data have been 
entered in EST and 8, the negative return signal 
SE will be produced, in the manner described 
before. This signal is applied to the Z spot (Fig. 
78k) which, in response, produces the negative 
commutator signal SE (also see Section 166, Item 
29) . The SE signal from the commutator is ap- 
plied to the control frame, where it is inverted 
by 5, Fig. 75a, and again by 1 1, Fig. 75c, to return 
trigger 10 (see Section 16b, Item 29). As a re- 
sult, 8a is cut off to prepare for subsequent en- 
ergization of heating relays XI (Section 16b, Item 
7) under control of the next STB signal. Re- 
turned trigger 1 0 also renders 1 5 conductive, caus- 
ing relays Yl to be dropped (see Section 16b, 
Item 36) . 

15d. When all the entries into electronic stor- 
age have been completed, the negative signal AE 
is sent by the pilot units to the X spot (Fig. 78j) 
of the main commutator. In the manner de- 
scribed in Section 16b, Item 27, the commutator 
signal AE is produced and sent to the control 
frame where it initiates operation of the All- 



10 



13 



20 



25 



30 



43 



45 



50 



60 



70 



75 



Entry delay counter in Fig. 75b. The delay sig- 
nal AED is produced after about i6 ms. The 
signal AED goes to the W spot (Fig. 78i) and acts 
through 20a and 20 to reset I9W. This trigger 
is turned every time I5W is returned. As ex- 
plained in Section 16b, Item 39, I5W is turned 
when all three prerequisites to a new commutator 
run have been satisfied. The next AP pulse re- 
sets I5W which causes I9W to turn (also see Sec- 
tion 16b, Item 14 ) . The trigger 1 9 W stays turned 
to render 1 8 a conductive until one condition for 
a new commutator run has been satisfied, this 
condition being the signalling of completion of 
all entries into electronic storage, followed by 
6bput 16 ms. delay, as manifested by the signal 
AED. Thus, I9W, which was turned at the be- 
ginning of the present run, is now reset since the 
mentioned one of the three conditions for a new 
run has now been satisfied. 

The AE signal also acts through 23, Fig. 75e, 
to return 22 which was turned by the previous 
AE signal (see Section 16b, Item 28). With 22 in 
its reset status, it renders 27 conductive, as a re- 
sult of which heating relays Y2 and YM are 
dropped (see Section 16b, Item 36). The return 
of 22 also cuts off 2 la to prepare for subsequent 
energization of relays X2 and XM under control 
of the next STB signal. 

The positive AE signal on wire ISO in the con- 
trol frame also is inverted by 30, Fig. 75/, to a 
negative signal which this time resets 24, Fig. 75/, 
18 and 30 in Fig. 750, and 12 in Fig. 75ft (see Item 
38, Section 16b) . As a result, the heating relays 
Y3, Y4, Y5 and Y6 are dropped (compare Item 
28, Section 16b). 

The negative AE pilot signal also acts through 
tubes 41 and 41a in Fig. 80b to turn trigger 42, 
which is returned by the next AP pulse. When 
42 is turned, it cuts off 43 to render tubes 19a- 
2 CP, of all the pilot units, conductive. As a re- 
sult, all the triggers 7-2 CP are forced back to 
canceled status. This insures the reconditioning 
of all the Forward signal receiving circuits (Sec- 
tion 16b, Item 24a) of the pilot units to non- 
receptive status prior to the next commutator 
run. 

Finally, the AE signal initiates operation to end 
the OCO and PS signals and to bring about the 
transmission of sequence data (see Section 16b, 
Item 31). In brief, the pilot signal AE acts 
through 10 and 10a in Fig. 78j to restore 5X, 
which ends the OCO and PS signals. As SX 
restores, it turns 7X, as a result of which the se- 
quence data transmission control signal SW is 
produced for one AP pulse cycle. The signal SW 
is mixed in pilot units 7 and 8 with the cut off 
signals ICIS7 and 8, still acting on tubes S2-6CP 
(Fig. Sue) since dial switches DSIS and DS2S 
have been left in positions 7 and 8, respectively 
(see Fig. 56) . In the manner described in Sec- 
tion 16b, Item 31, the sequence data now in ES7 
and ES8 will be transmitted to the now re- 
opened A side of sequence storage (Section 16b, 
Item 35) . 

16. At the same time that the OCO commuta- 
tor signal initiated the operations leading to the 
entries being made into electronic storage of 
numbers taken from sources selected by the Out 
code fields and SI and S2 fields, the PS signal 
initiated the OC step of the P spot (Fig. 78c). 
In the manner explained in Section 16b, Item 
26P, the PS signal causes the P spot to produce 
the PI signal and also to condition 24P (also 
see Fig. 79bb) . 

16a. The PI signal is effective to cut off 3o- 



im 

OPSN (Mgr. 78L). Previously the tube 3 has been 
cut off by tree signal 2P (see Item 8). The PI 
signal therefore renders 3 — 3 a effective through 
6i 20a, 20 and a power amplifier and inverter 206 
to produce the positive operational sign signal 
OPSN2. Thus, with the subfield Ps bearing code 
number 2, the operational sign signal OPSN2 is 
produced during the OC step of the P spot. The 
OPSN2 signal conditions tube 5, Pig. 71a, which 



39, Fig. 80a, to a: positive, signal which renders 
4W (Pig. 78i) conductive. Accordingly, 3W is 
turned, just as it was turned under control of 
the. signal Pi LOG from blank pilot unit BC (Pig. 
781i) during the first sequenced run. The next 
BP pulse resets 3W, and as a result a signal 
Pil.OCC is sent, half an AP pulse cycle after the 
ES to Int. signal, to the tubes 24 of all the scan- 
ning, spots, of: the commutator (see Item 16P, Sec- 



is in the sign mixing circuit of the accumulator io tion 16b and Pig. 79b&) . Only tube 24P (Fig. 



as described in Section 13. 

16b. The PI signal is also applied to the tubes 
2-6CP of all the pilot units to test the pilot units 
for selection by branch P of the pilot units selec- 
tion trees OC-ES to Int (Fig. 57) . With subfield 
Ff> containing digit 1, the Pb trees are set at l> 
and signal Pbl has been produced (Item 10). 
This signal has cut off 2a-5CP of pilot unit I. 
Accordingly, the PI signal upon cutting off 2-5CP 
of pilot unit I renders the couple 2 — 2 a through 
\a, I and 9 in 5CP, of this pilot unit, effective to 
produce the negative signal OC Int. This signal 
cuts off 1 5- 1 CP of pilot unit I. As previously 
described in Item 15b, the tubes I5a-(CP remain 
conductive under control of trigger 2 1 turned 
during the entry of data into electronic storage 
and thereby blocks the ESI to Int signal and the 
Pil.OC signal. After the entry and upon ter- 
mination of the Move signal at a B pulse time, 
trigger 2 1 is reset in the manner which has been 
described in Item 25 of Section 16b. When 21 
Is: reset, it returns 15a to cut-off status. Thus, 
provided that entry into electronic storage unit 
I has been completed, the cutting off of tube 
ISr-tCP under control of the signal OC Int in 
pilot unit I renders the couple 15 — 15a effective 
to render 28 and 28a conductive. Tube 20a 
thereupon serves through 9 and 3 to produce the 
timing signal ES I to Int (see Figs. 20, 21 and Sec- 
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78c) is now conditioned and responds to the 
Pil.OCC signal so as to produce the signal P.OC 
which turns. 21 Q (Fig. 78d) . Upon 2IQ turning, 
it: causes the signal OP.OC to be produced. This 
signal goes to all the calculator control com- 
mutators ACC.C, MYC, DVC and NO to test 
them for conditioning according to the OP code 
number. In the present example, the OP I code 
number 02 has selected ACC.C (Fig. 78A) and its 
trigger G has been turned, causing 4 and 7 to be 
cut off (see Items 13 and 14c) . With 4 cut off, 
it. is conditioning tube 10. The OP.OC: signal 
makes this, tube conductive, which causes 14, 13 
and 22 to turn and 26, if turned during a pre- 
25 vious accumulator run of sequence, to be rer 
stored. As 14 turns, it turns 15 which acts via 
12a to produce the negative cancel signal RCC. 
Turned 18 acts via 20 to produce the negative 
cancel signal ECC. Turned 22 serves via 20a 
50 to produce the negative accumulator entry signal 
ACC-RI. In the manner described in section 13, 
dealing with the accumulator, the cancel signals 
ECC and RCC reset the registers EC and RC and 
the carry control triggers K (Figs. 69a, 69b, 70 
55 and 73). and also the sign entry receiving, trig- 
gers 5, 6, 7, and 8 in Fig. 71a. One AP pulse 
cycle after triggers 15: and 18 were turned under 
control of the OP.OC signal, an AP pulse resets 
these triggers, ending the ECC and RCC cancel 



tion 6). This signal causes electronic storage 40 signals. As 1 8 returns, it turns 17. One AP pulse 

unlt ESI to apply decreased potentials selectively cycle later, an AP pulse resets 17 which restores 

to the buses of the Internal Out bus-set. In 22, ending the ACC-RI signal. The latter signal 

this manner the number in ESI is applied to the is thus prolonged one AP pulse cycle past the 

Internal Out bus-set. It should be noted that cancel signals and causes the number on the In- 

the algebraic sign of the number is present in 45 ternal In bus-set to be entered in registers EC 

column 1 of ESI and is applied to bus column 1 an( j the operational sign and algebraic sign to 



of the Internal Out bus-set. The digits present 
in columns 2 to. 20 of ESI are applied to bus col- 
umns 11 to 29 of the Internal Out bus-set. The 
number and its sign in relay storage unit 010 
have now been transmitted via ESI to the In- 
ternal Out bus-set. 

The decreased potentials on the Internal Out 
bus-set are inverted by the amplifier of the elec- 



be entered in the mixing circuit (Fig. 71a) which 
produces the mixed, operating sign, all as de- 
scribed in Section 13. 
50 It may be noted that the Pil.OCC signal is 
produced half an AP pulse cycle after the occur- 
rence of the exit signal ESI' to Int. The signals 
ECC and ACC-RI are produced one AP pulse 
cycle after the Pil.OCC signal. The ACC-RI 



troniccalcvUating section (Fig, 20) to increased 55 gignal be ff • ^ of 

potentials on the corresponding bus columns of 
the. Internal In bus-set. At this time, then the 
tubes 1 , 2, 3 and 4 in each order of register EC 
of the. accumulator section (see Figs. 69a, 69b 



the cancel signal ECC to produce the entry of 
the number on the Internal bus-sets into the 
registers EC. It is evident, then that the effec- 
and 70). and the tubes 5, 6, 7 and 8 in the sign 60 "™ e A n * ry i nto registers. EC occurs one-and-a- 

cycles later than the application 



mixing circuit of the accumulator (see Fig. 71a) 
are all selectively conditioned according to the 
digits and the algebraic sign taken from elec- 
tronic storage unit I and according to the oper- 
ational sign derived from Section OPSN (Fig. 
7SL). 

17a. As described in the preceding item, tube 
28ar-ICP (Pig. 80a) of selected pilot unit I was 
rendered conductive at a B pulse time to cause 
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of the number from electronic storage to the In- 
ternal bus^sets. This gives sufficient time for 
cross-talk to be dissipated,, i. e. for transient sig- 
nals on the entry tubes for the registers EC to 
die down. In this manner, incorrect: entries are 
avoided. 

17b. When 22-ACC.C (Fig. 78A) is restored 
to terminate the entry signal ACC-RI, it turns 



the signal ESi to Int to be produced, as a result 79 2I - The next AP pulse resets 2:1, causing it to 

turn 25. Turned 25 renders 29 conductive to 
produce the negative start signal ACC-ST which 
goes to 3Sa (Fig. 71c) of the internal commu- 
tator of the accumulator and initiates an accu- 
attve signal PH.OC. This signal is inverted by 75 mutator -cycle, as explained in Section 13 (also 



of which the number and its sign present in ES I 
were applied to the Internal bus-sets. At the 
same time as 28a- 1 CP was rendered conductive, 
tube 28 also became conductive, producing a neg- 
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see Pigs. 72 and 73). During the accumulator 
cycle, the number in registers EC is transferred 
to registers RC. At the end of the accumulator 
cycle, the internal commutator of the accumu- 
lator produces the "cycle complete signal" 
CYCPT at AP pulse time (also see Fig. 71flr). 
This signal cuts off 28a-ACC.C (Fig, 78A) . The 
first effective AP pulse cuts off 28, causing 28 — 28a 
to act via 29a to restore 25, terminating the 
/.CC-ST start signal. As 25 restores, it turns 
26 which causes 2T also to turn. Turned 26 cuts 
off S4a to condition 24 — 24a for operation under 
control of an In code signal OP.IC should this 
occur next. Trigger 27 is restored by the next 
AP pulse but, meanwhile, it renders 19 conduc- 
tive, causing it to cut off 7a. Tube 7 is in cut-off 
condition as long as the commutator ACC.C is 
conditioned (see Item 14c). Accordingly, as 7a 
is now cut off under control of the accumulator 
cycle complete signal CYCPT, the couple 7 — 7a 
becomes effective through 3 to produce the neg- 
ative OP.BS signal. This signal, after amplifica- 
tion, goes to the triggers 21 of all the commu- 
tator scanning spots to restore the turned one 
of these triggers. In the instant situation, 21Q 
is the one which has been turned (Item 17a) 
anl is now restored by the OP.BS signal. In the 
manner described in Section 16b, Item 26P, the 
return of 2 1 Q causes the P I signal to terminate 
which is the end of the P.OC step. The return 
of 21Q also initiates the Q.OC step (see Fig. 
79bb). 

With the end of the PI signal, the OC Int sig- 
nal (Item 14b) and, hence, the ESI to Int sig- 
nal terminate. Accordingly, the tubes Int Ex 
(Fig. 21) associated with ESI return to their cut- 
off status, so that the number and sign on the 
Internal bus-sets are removed. Also, with the 
end of the PI signal, the OPSN2 signal produced 
under its control (Item la) terminates. 

18. In recapitulation, a number and sign from 
relay storage unit 010, selected by subfleld Pr 
was entered in ESI, selected by subfleld Pb. 
Meanwhile, the P.OC step was initiated and the 
signal PI produced. This signal caused the op- 
erational sign 2, selected by subfleld Ps to be 
applied to the mixing circuit (Fig. 71a) of the 
accumulator. The signal PI also was effective 
after entry into ESI was completed to cause 
pilot unit I to produce the exit signal ESI to 
Int which caused the number and its sign to 
be read out of ESI and applied to the entry 
tubes of the registers EC of the accumulator. 
At the next AP pulse time after ESI was read 
out, the signal Pil.OCC was emitted and caused 
the P spot to produce the P.OC signal which 
acted through 2IQ to produce the OP.OC sig- 
nal. This signal operated on conditioned com- 
mutator ACC.C to cause it to produce the ECC 
and RCC cancel signals and the entry signal 
ACC-RI. Consequently, registers EC and RC 
were reset, after which the number received by 
ESI from relay storage unit 010 was entered in 
EC and the sign of the number received by ESI 
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trol of this signal, the P.OC step was ended and 
the Q.OC step was initiated. 

In general, after a number from a source se- 
lected by an Out field is entered into the elec- 
tronic storage unit selected by the Out field, 
the number is read out of the electronic storage 
unit upon the Internal Out bus-sets and a re- 
turn signal Pil.OC signal is sent to the main 
commutator. Under control of this signal, an 
OP.OC signal is produced to cause the condi- 
tioned one of the computation control commu- 
tators MYC, DVC, ACC.C and NO to operate. 
In the case of the commutator NO it sends out 
an OP.BS Back signal immediately so as to 
cause the next scanning spot to be placed in 
action. In the case of the other calculation con- 
trol commutators, they operate in response to 
the OP.OC signal to send out cancel and entry 
signals to the related calculating unit. At the 
end of the entry signal, the operative control 
commutator produces a calculation start signal 
which initiates a calculation cycle. Upon com- 
pletion of this cycle, a return signal goes to the 
operative calculation control commutator, caus- 
ing it to produce an OP.BS Back signal for the 
main commutator. This signal causes the OC 
step of one scanning spot to end and the next 
scanning step to be initiated. The essential dis- 
tinction between the sequence produced under 
control of the NO commutator and the other 
control commutators ACC.C, MYC and DVC is 
that where the NO commutator is in operation, 
the scanning steps are successively effected with 
no pause for calculations whereas when one of 
the other commutators is in operation, the scan- 
ning steps are successively effected with delay 
in each step dependent upon the calculation be- 
ing performed. 

19. As described in Item 17b, the trigger 2IQ 
(Fig. 78d) was restored, at the end of the P.OC 
step, to initiate the Q.OC step. The return of 
2IQ turns 22Q which is restored by the next AP 
pulse and thereupon turn 23Q. As a result, 24Q 
is conditioned and the Ql signal produced. This 
signal cuts off 7a-OPSN (Fig. 78L) . Tube 7 
previously was cut off (Item 8) under control 
of the Q branch of the Operational Sign se- 
quence storage circuit (Fig. 60), the Q branch 
being set at 2. With 7— 7a in OPSN (Fig. 78L) 
cut off, it is effective via 6a, 20a, 20 and 20b to 
produce the operational sign signal OPSN2 
which is applied to the sign mixing circuit (Fig. 
71a) of the accumulator, as in Item 16a. 

The Ql signal also tests the pilot units, by 
cutting off their tubes 3, for selection by the sub- 
field b of the Out field Q. In the present ex- 
ample, pilot unit 2 has been selected by code 
number 2 in Qb, as manifested by the signal 
Qb2 (Item 10) . The signal Qb2 cuts off 3a-5CP 
(Fig. 80e) of pilot unit 2. The Ql signal now 
cuts off 3-5CP of all the pilot units. As 3a-5CP 
of pilot unit 2 has been cut off, the couple 3 — 3a 
in 5CP of this unit acts via 4, I and 9 in 5 CP 
of this pilot unit to produce the signal OC Int. 



from this relay storage unit was mixed with the 65 P 1 ^ signal in pilot unit 2 is effective after en- 



operational sign to produce the operating sign 
(see Section 13). Upon termination of the en- 
try signal ACC-RI, the commutator ACC.C sent 
out an accumulator cycle start signal ACC-ST. 
An accumulator cycle occurred during which the 
number was transferred from registers EC to 
registers RC. At the end of the cycle the ac- 
cumulator unit returned a complete signal 
CYCPT to the commutator ACC.C which, in re- 
sponse, produced the OP.BS signal. Under cpn- 
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try into ES2 has been completed, as manifest- 
ed by the return of 2 1- 1 CP (Fig. 80a) of this 
pilot unit, to cause the pilot unit to produce the 
signal ES2 to Int (note Item 16b). The signal 
ES2 to Int causes ES2 to apply the number 
therein to the Internal bus-sets. In this way, 
the number received by ES2 from relay storage 
unit Oil (see Item 15b) is applied to the Internal 
bus-sets. 

The signal Pil.OC again is produced (see Item 
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17a), this time under control of pilot unit 2. 
Under control of this signal, conditioned 24Q 
(Fig. 78d) becomes conductive and produces the 
signal Q-OC (see Fig. 79bb) , turning 2IR (Fig. 
78e). Upon 2!R turning, it produces the OP.OC 
signal which causes conditioned tube 10-ACC.C 
(Fig. 78A) to become conductive. As in Item 
17a, when tube 10 becomes conductive, it turns 
18 and 22, under respective control of which the 
cancel signal ECC and the accumulator entry 
signal ACC-RI are produced. Unlike the sit- 
uation discussed in Item 17a, tube 10, when it 
becomes conductive does not turn 14, since 14 
is already in its turned state and has not been 
reset. Accordingly, trigger 15 will not be oper- 
ated and therefore the cancel signal RCC will 
not be produced. It is evident then that after 
entry of the first number of a plurality of num- 
bers to be accumulated, the signal RCC is not 
produced as a preliminary operation to the entry 
of a number into the accumulator. Thus, the 
number previously entered (Item 17b) in the 
registers RC of the acculator remains in these 
registers. It should also be noted that when 
tube 10-ACC.C becomes conductive the second 
time, it is effective to restore 23 which was 
turned under control of the previous ac- 
cumulator cycle complete signal CYCPT (see 
Item 17b) . In the same manner as explained 
in Item 17b, 25 again is turned, at the end of 
the entry signal ACC-RI, whereby the start sig- 
nal ACC-ST is produced by commutator ACC.C 
and initiates the second accumulator cycle (see 
Figs. 72 and 73). During this accumulator 
cycle, the second number which in the present 
example is the number from a source (relay stor- 
age unit Oil) selected by the Q field, is trans- 
ferred from EC to RC of the accumulator in 
the manner described in Section 13. At the 
end of the accumulator cycle the signal CYCPT 
(see Fig. 71g) again is effective to cut off 
28a-ACC.C (Fig. 78A). An AP pulse cuts off 
28, and 28 — 28a then causes 25 to be reset which 
results in the turning of 26 and 27. With 26 
turned, it cuts off 24a. 2T stays turned for one 
AP pulse cycle and causes the commutator 
ACC.C to produce the back signal OP.BS, in the 
manner explained in Item 17b. The signal 
OP.BS is effective this time to restore 2IR (Fig. 
78e). Upon restoration of 2IR it terminates 
the Q.OC step in the manner explained in Sec- 
tion 16b, Item 26Q. The signal Ql ends and 
terminates the exit signal ES2 to Int and the 
operational sign signal OPSN2. This removes 
the operational sign, designated in subfield Qs, 
from the mixing circuit in Fig. 71a and the 
number, along with its sign, derived from the 
source selected by subfield Qr, from the Internal 
bus-sets. 

At this stage of the commutator run, the num- 
bers from the sources selected by the P and the 
Q fields have been accumulated in the registers 
RC of the accumulator unit. 

20. The return of 2IR also initiates the scan- 
ning step of the R spot (Fig. 78e) . This will be 
an In code step, because of the fact that field R 
is an In field and has conditioned the R spot 
in the manner explained in Item 14a. When 
2IR is restored, it turns 22 which is restored 
by the next AP pulse, as in the OC step. But 
this time upon restoration of 22 it is ineffective 
to turn 23. This is because 23 is now being 
locked in cancelled position under control of 
the signal R in acting through tube 27, as de- 
scribed in Item 14a. Inasmuch as 23 Is not 
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turned, it' does not produce the Rl signal which 
is characteristic of the ROC step, and 24R is 
not conditioned to respond to a Pi I .OOC signal. 
When trigger 22R was turned, it acted through 

5 Sa to restore trigger 5 which has been turned 
under control of the signal R "in." Upon the 
restoration of 5, it turns 6. With 6 turned, it 
serves through 10 to produce a negative OP.IC 
signal. This signal is inverted by 28NO (Fig;. 

10 78c) to a positive OP.IC signal which renders 
conditioned I l-ACC.C (Fig. 78A) conductive. 
Note may be taken of the fact that the OP.IC 
signal is applied only to the accumulation cal- 
culation control commutator ACC.C. I l-ACC.C 

15 was conditioned previously under control of the 
OPI code number 02 (see Item 14c). II now 
becomes conductive and turns 23 which there- 
upon cuts off 24. 24a has already been cut off 
under control of trigger 26, turned under con- 

20 trol of the last CYCPT signal (Item 19) ; hence 
24 — 24a becomes completely cut off at this time 
and acts through 31 to turn 30. Upon 30 turn- 
ing, it is effective via 32 to produce the nega- 
tive signal R.ROC. Under control of this signal 

25 the internal commutator of the accumulator 
unit functions to initiate a test of the sign of 
the accumulated result. If the sign is positive, 
then the result read signal ACC-RO and the 
Proceed signal are sent out at once (see See- 
so tion 13 and the upper portion of Fig. 73). If 
the sign is negative, then a complement con- 
version cycle takes place, which is followed by 
the signals ACC-RO and Proceed (see the lower 
portion of Fig. 73). The Proceed signal is co- 

35 incident with the start of the readout signal 
ACC-RO. As understood from Section 13, the 
signal ACC-RO causes the accumulated num- 
ber and its sign to be applied to the Internal 
bus-sets. The Proceed signal goes to the com- 

40 mutator ACC.C (Fig. 78A) and operates through 
3Sa and 36 to turn 33. The next AP pulse re- 
stores 33 causing it to turn 34 and also to re- 
set 23. 34 is restored by the following AP pulse 
and turns 35 which is itself restored by the next 
AP pulse. Upon restoration of 35, it restores 
° 30, thus terminating the R.ROC signal. The 
termination of the signal R.ROC causes the ac- 
cumulator readout signal ACC-RO to end, as 
described in Section 13. Upon the termination 

50 of the signal ACC-RO, the accumulated result 

° and its sign go off the Internal bus-sets. The 
return of 35 also resets 14, in order that the 
cancel signal RCC may again be produced (see 
Items 17a and 19) in a new accumulation se- 
quence run. 

00 21. The accumulated result, and its sign, of 
the numbers from sources selected by the Out 
fields P and Q were applied to the Internal bus- 
sets by the signal ACC-RO produced under con- 

60 trol of the signal R-ROC, as described. This 
signal was produced by commutator ACC.C as 
a result of its receiving the signal OP.IC from 
the scanning spot R during its IC step. The 
Proceed signal was sent, at the same time as 

g g the. signal ACC-RO started, to the commutator 
ACC.C and under control of the Proceed signal, 
the scanning spot R will continue its IC step. 
During the continuation of this step, the R spot 
will initiate the operation of the denomina- 

7q tional shift unit (see Section 12) to receive the 
accumulated result and shift it the programmed 
number of steps. The sign of the accumulated 
result is not received by the denominational 
shift unit per se but is stored in special trig- 

76 gers 2M and 6M (Fig. 78a). Thus, when a num- 
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ber and Its sign have been applied to the In- of 14a, 78b, causes the couple 14a — 22a td act 
ternal Out bus-set and the number is to be via 6N to produce the negative cancel control 
routed through the denominational shift unit, signal SHCL. The trigger 2N, reversed at the 
the sign is stored in the special triggers and will same time as 3N, causes 5N to produce the nega- 
not be read out until the denominational shift g tive entry control signal SHRI. The signal SHCL 
steps have been completed and the shifted num- is applied to 21, Fig. 27b, of the internal com- 
ber has been read out. It is necessary to pre- mutator of the denominational shift unit. In 
serve the sign during the operation of the de- the manner described in Section 12, this signal 
nominational shift unit, as otherwise it would SHCL operates to produce the signal ACL, which 
be lost since the signal, as ACC-RO, for read- io applies a capacitatiyely fed resetting impulse, to 
ing out the sign from a calculation unit is only each of the triggers ASH (Pig. 24) in the shift 
a brief signal which terminates before column columns. The negative entry control signal 
shifting starts. ' SHRI acts via 25c, 25 and P25 in Fig. 27b to pro- 

22. Two AP pulse cycles after commutator duce the positive entry signal SHRI, which is 

ACC.C (Pig. 78A) received the Proceed signal, 15 applied "to tubes IT in the shift columns. These 

35, Pig. 78A, was turned (see Item 20) . When tubes are already selectively conditioned accord- 

35 is turned, it acts through 31a to cut off 7a. ing to the accumulated result applied to the In- 

The companion element 7 has been cut off be- ternal bus-sets under control of still effective 

fore (see Item 14c) as a result of the commu- signal ACC-RO. These conditioned tubes IT 

.tator ACC.C having been selected and condi- 20 are made conductive by the positive signal SHRI 

tioned for operation. Now, when 7a is cut off, the and turn and hold turned the related triggers 

couple 7 — 7a acts through 3 to produce the neg- ASH, blocking these triggers from being canceled 

ative OP.BS signal. This signal is effective to by the signal ACL. In this way, the accumulated 

restore trigger 6R (Pig. 78e) , terminating the result is entered in the shift columns. 

OP.TC signal. 25 The signal SHCL also initiates the operation 

In brief review: the first OP.BS signal was of the SHC cancel circuit in Fig. 27c. The signal 
produced by the turning of 27, Fig. 78A, under SHCL also is operative through tubes 4a and 4 
control of the first cycle complete signal CYCPT in Fig. 78a to apply a negative capacitatively fed 
(Item 17b) . The signal OP.BS then functioned cancel impulse to the triggers 2M and 6M. 
to return 2IQ which terminated the P.OC step 30 The negative signal SHRI, concurrent with sig- 
and initiated the Q.OC step. The next signal nal SHCL, aiso operates via 8M (Pig. 78a) to apply 
OP.BS was produced again by the turning of increased potential to the control grids of 3M 
27, Fig. 78A, under control of the second com- and 7M. One of these is conditioned accord- 
plete signal CYCPT (see Item 19) and caused re- ing to the result sign represented in Internal 
turn of 2IR to terminate the Q.OC step and 35 bus column I. If the sign is +, then bus 2 
initiate the R step. The return of 2IR caused of column 1 of the Internal in bus-set is at high 
22R to turn for one AP pulse cycle but since the potential and conditioning 7, but if the sign is 
R spot has been conditioned for an IC step, 23R — , then bus I of this column is at increased po- 
does not turn upon the return of 22R and the tential and is conditioning 3. Whichever one 
signal Rl is not produced, nor is 24R conditioned 40 of the tubes 3 and 7 is conditioned, becomes con- 
and operated later to produce a signal R.OC for ductive under control of signal SHRI and re- 
turning 2 IT. verses its connected one of triggers 2 and 6 and 

When 22R was operated, in consequence of blocks cancellation of the reverse trigger by the 

the return of 2IR by the second OP.BS signal, it momentary impulse derived from the signal 

reset 5R, causing 6R to turn and produce the SHCL. Trigger 2 may thus store the — sign, or 

OP.IC signal which caused the commutator ' trigger 6 the + sign, of the accumulated re- 

ACC.C to apply the readout control signal R.ROC suit. 

to the accumulator unit. This initiated opera- It is to be noted that the entry control signal 
tions of the accumulator unit which led to its SHRI and the cancel control signal SHCL start 
production of the signal ACC-RO to cause the concurrently at a time determined by the turn- 
accumulated result and sign to be read out to ing of trigger 35, Fig. 78A. One AP pulse cycle 
the Internal bus-sets. Concurrently with the later 35 is reset, causing the signal R.ROC to end 
accumulator unit producing the readout signal and thereby end the signal ACC-RO as described 
ACC-RO, it sent the Proceed signal to commu- before. Thus, one AP pulse cycle after start of 
tator ACC.C. The effect of the latter signal on signals SHCL and SHRI the accumulated result 
the commutator was to cause the trigger and sign are removed from the Internal buses. 
35-ACC.C to turn, as a result of which the signal The signal SHRI thus has one AP pulse cycle 
OP.BS again was produced. This signal did not entry time for causing the accumulated result 
act, as it did before, to terminate an OC step and the sign to be entered into the shift col- 
and initiate a next scanning step. Instead, the umn and sign storage triggers. This is suffi- 
third signal OP.BS returned 6R to end the OP JC cient because the effect of signal SHCL is mo- 
signal (which initiated the reading out of the mentary inasmuch as it is appled through capac- 
accumulated result from the accumulator unit) ty couplings to the entry receiving and storage 
and to cause the R.IC step to continue, as follows: triggers, while the effect of the signal SHRI is 
Upon the return of 6R, it turns I IR. When more lasting because it is applied through direct 
IIR turns, it operates through 12 to produce coupling to the entry receiving triggers. Also, 
the negative signal CSI. This signal is effective it should be noted that the entry signal SHRI 
through 4a and 4 of the commutator spot N (Fig. is produced two AP pulse cycles after the number 
78b) to turn triggers 2N and 3N concurrently. and its sign are applied to the Internal bus-sets 
The next AP pulse returns 3N causing it to re- 70 under control of the signal ACC-RO 1 . This allows 
verse IN. The following AP pulse restores IN sufficient time for cross-talk and transients to 
which thereupon restores 2N. Upon the reversal disappear before the actual entry of the sign 
of 3N, it cuts off 14a. Tube 22a is also off be- and number is effected under control of the sig- 
cause line 24 m is at low potential under control nal SHRI. 

of trigger 24M (Pig. 78a) . Hence, the cutting off 75 The signal SHRI renders 8a, Fig. 78a, non- 
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conductive, Upon termination of this signal 8a mutator ACC.C (Pig. 78A) may be de^eondi- 
returns to conductive condition and applies a tioned and the instructions read out from the 
negative, turning impulse to trigger I3M, which SHI and R shift code sequence storage circuits 
is restored by the next AP pulse. During its and from the OP I pyramid may be discarded, 
turned status 1 3M : acts through 1 2 to produce the 5 In other words, the heating, under control of 
negative signal SHS which, as described in Sec- the signal bl, of the OF I pyramid and the SHI 
tion 12, acts upon 5, Fig. 27c, to cause the denomi- and Q and R shift code circuits may be termi- 
national shift unit to perform the number of nated. Also, preparation may now be made for 
shift steps determined by the shift program and trie heating of the B side of the OP2 pyramid 
entered into the descending counter (Fig. 27a) 10 and the B sides of the SH2 and U and V shift 
as described in Item 12a. At present, the shift code sequence storage circuits, 
program is the one determined by the subfleld Rs The above results are accomplished under con- 
and the field SHI and, in the example, calls for trol of the signal FR which is this time pro- 
zero shift. duced in consequence of the restoration of IIR 

When trigger I3M (Fig. 78a) is turnedj in 15 (Fig. 78e). This trigger I IR was restored about 
addition to causing the start signal SHS to be one AP pulse cycle after the accumulated result 
produced, it acts through 20 and 15 to produce and its sign were read out from the denomina- 
the positive signal CTLR. This signal acts as tional shift unit and the sign storage triggers 
described in Section 13 to cause the sign storage to the Internal bus-sets. Upon I IR restoring, 
trigger 20, Fig. 71b, the trigger 23, Fig. 71b, the 20 it turns I5R which thereupon makes 26a con- 
trigger II, Fig. 71/, and the trigger 35, Fig. 71/, ductive so as to. cut off 32 which produces the 
to be restored (also see Figs. 73 and 74). positive signal FR. 

When: the denominational shift unit has com- Signal FR acts through IP (Fig. 78c) to turn 

pleted its allotted number of shift steps, it pro- 5P which is the first trigger in the Ink delay 

duces the negative complete signal SHCP (see 25 counter. Upon 5P turning it serves, as pre- 

Fig. 27b and Section 12) . This signal cuts off viously described, to cause the signal HCR to 

UN (Fig. 78b), causing it to make (ON con- be produced for resetting the half correction 

ductive. As a result ION turns 9N. With 9N suppression storage trigger 5, Fig. 71a, and also 

turned, it cuts off I IN which becomes effective the tolerance check storage trigger 22, Fig. 21a. 

at AP pulse time when I la is cut off to render 30 When 5P is turned it makes 9P conduct so as 

10a conductive so as to produce the negative to decrease the potential on the output line: 

signal CSRD. This signal reverses IN (Fig. of the latter. One AP pulse cycle later 5 is 

78b) and also I0M (Fig. 78a). The reversal of returned and again cuts off 9, causing its output 

I0M is effective via 23 and 14 to produce the «ne to rise in potential and produce the positive 

positive signal SHRD. This is inverted by 9 35 signal ACCL. This signal makes 5, Fig. 78A, 

to the negative signal SHRO which goes to 32, conduct and thereupon restore 6-ACC.C. This . 

Fig. 27b, and causes the shifted number in the terminates the conditioning of the commutator 

denominational shift unit to be applied to the AGC.C. 

Internal bus-sets as described in Section 12. The positive signal FR also is inverted by 
The positive signal SHRD also is applied to the 40 25a of the Z spot (Fig. 78ft) to a negative im- 
control grids of IM and 5M (Fig. 78a). One Pulse which this time returns 26Z. Note that 
of these is conditioned depending on whether 26Z was turned under control of the previous 
the — sign storage trigger 2M or the + sign FR signal (see Section 16b, Item 26-1). Upon 
storage trigger 6M has been reversed. If IM the return of 2BZ, it returns 23 to a conductive 
has been conditioned, then the signal SHRD 45 status and as a result the heating control signal 
causes it to apply reduced potential to bus I, °' is terminated. At the same time restored 
column 1 of the Internal Out bus-set, so as to trigger 26 cuts off 31a. The tube 31 already is 
manifest the - sign. If 5 has been conditioned, cut off under control of trigger 30 which was 
then the signal SHRD causes it to apply re- turned by the previous finish of scanning se- 
duced potential to bus 2 of column 1 of the In- 50 Quence signal FC (see Section 16b, Item 2). 
ternal Out bus-set so as to manifest the + Since both 31 and 3 1 a are now cut off, the tube 
sign! The shifted number and its sign are now 32 is made to conduct and produce the negative 
on the Internal bus^sets. heating control signal b2. The signal b2 is in- 
Trigger 7N (Fig. 78b) was reversed by the verted by 4 and 10 in Fig. 76a to a positive pulse 
signal CSRD as described above. It is reset by 55 which makes tubes 24 to 30, and 32, 33, 34 and 
the next AP pulse and causes 9N to restore and 35 in Fig. 76b conductive. Accordingly, the B 
8N to turn. Turned 8N acts via I2N to pro- sides of the OP2 pyramid and of the SH2 and 
duce a positive signal CSV. This signal is in- U and V shift code sequence storage circuits 
verted by IZaR (Fig. 78e) to a negative im- are heated. 

pulse which restores I IR which was turned when 60 Since in the assumed example the field OP2 
6R was restored under control of the last issued bears the code number 04 which is now stored 
OP.BS signal. The turning of IIR initiated the in the B side of the OP2 pyramid, the heating 
entry of the accumulated result into the shift of the B side of this pyramid causes it to pro- 
columns and the sign of the result into the sign duce decreased potential on the output line OP94 
storage triggers 2M and 6M in Fig. 78a. Now, 65 (see Fig. 59). Reduced potential on line OP04 
one AP pulse cycle after the shifted result is cuts off 29, Fig; 77a, causing 28a to conduct and 
applied to the internal bus-sets, the trigger I IR cut off 30. This results in 24 producing the 
is reset. negative signal ACC Code. This signal, as de- 
At this stage, the calculation instruction stored scribed before in Item 13, prepares the com- 
in the B side of the OP i pyramid (Fig. 59) and 7Q mutator ACC.C (Fig. 78A) to be conditioned 
the shift instructions stored in the B side of ahout two AP pulse cycles later by the Ink signal 
the SHI sequence storage circuit (Fig. 62) and (also see Item 14c). 

the B side of the R shift code sequence storage The signal HCSS. (note: Fig. 77d) is not pro- 
circuit (Fig. 63) have been, carried out. Ac-- duqed. this; time as; it was under control of the 
cordingly,, the selected calculation; control. com- 7S . calculation; cods number 02, in field, OPI. Ac- 
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Cordingly, the trigger 5, Fig. 7 Iff, will remain in 
its canceled status so that half correction of the 
accumulated result will be effected in the man- 
ner described in section 13. 

The heating of the B side of the SH2 circuit 5 
in Pig. 62 causes the output lines 4SH and 2SH 
to be reduced in potential since in the assumed 
example the SH2 code number is 6. The heating 
of the B side of the V branch of the shift selec- 
tion circuit shown in Pig. 63 results in reduced 10 
potential being present on the output line RTSH, 
since the code number in sub-field Vs is 4. 

The lines 2SH and 4SH, being at reduced po- 
tential, increased potential is produced on lines 
MN2 and 4 (see Figs. 78a and 27a and Item 11) . 15 
Also, reduced potential on the line RTSH causes 
the line RT (see Figs. 78a and 27c) to be at in- 
creased potential. Subsequently, the Ink signal 
will cause the selected denominational shift 
amount 6, as represented now by increased po- 20 
tential on the lines MN2 and 4, to be entered in 
the descending counter (Fig; 27a). The Ink 
signal also will cause the shift direction control 
trigger 21 to be placed in its right-shift status 
as selected by the increased potential on the line 25 
RT (note Item 14b). 

In the foregong manner the commutator ACC.C 
(Fig. 78A) is conditioned for the second half of 
the scanning sequence and the denominational 
shift unit is conditioned for carrying out the 30 
denominational shift of 6 columns to the right, 
as ordered by the S2Seq portion of the sequence 
line under discussion. 

23a. The result of the accumulation ordered 
by the SISeq portion has been applied by the de- 35 
nominational shift unit to the Internal bus-sets. 
The result is ready to be entered in electronic 
storage and then transmitted to the selected 
receiving unit. 

Trigger I IR (Fig. 78e) was reset one AP pulse 40 
cycle after the result was applied to the Internal 
bus-sets by the denominational shift units. As 
I IR reset, it turned I5R. One effect of the turn- 
ing of 1 5R was to produce the PR signal, as de- 
scribed before. Further, (5R when it turns acts 
through 3R and 32 and 33 to produce the signal 
R2. This signal senses all the pilot units for 
selection by the R branch of the IC-Int to ES 
trees (Fig. 58) . Since the heated B side of the 
R branch is storing the code number 1, the signal 
IRC I is being produced (Item 10m). This sig- 
nal is cutting off 43a-5CP (Fig. 80e) of pilot unit 
I , thus selecting this pilot unit for producing the 
signal, Int to ES I , which is to bring the result 
of the calculation into electronic storage unit I. 
The time for producing this signal has now ar- 
rived, as manifested by the production of sens- 
ing signal R2. Signal R2 cuts off tubes 43 of 
all the pilot units. Since the tube 43a of pilot 
unit I also is at cut-off, couple 43 — 43a of this 60 
pilot unit becomes effective through 44, 41, and 
33 to produce the pilot unit negative signal IC 
Int. This signal cuts off 35-ICP (Fig. 80a) of 
pilot unit I. Tube 35a-ICP is cut off except 
when transmission is taking place from elec- 65 
tronic storage unit I to the In bus-set I. As 
such transmission is not taking place, the tube 
3 5a- 1 CP of pilot unit I is at cut-off and when 
35 is cut off by the signal IC Int, the couple 
35 — 35a becomes effective to render 30 conduc- 70 
tive. As a result, 29 is turned and causes 23 to 
turn. When 29 is turned it cuts off 1 1 which 
causes 5 to produce the negative signal Int to 
ESI (see Figs: 21 and 22 and Section 6). When 
23-ICP (Fig. 80a) of pilot unit I is turned, it 75 
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acts through 16 and 4 to produce the positive 
cancel signal ESC I. As a result of the produc- 
tion of these signals ESC I and Int to ESI, elec- 
tronic storage unit I is canceled and the number 
and sign present on the Internal bus-sets are 
entered into this storage unit in the manner 
described in Section 6. Trigger 23-ICP is re- 
turned by the next AP pulse, so that cancel signal 
ESC I has a duration of one AP pulse cycle. When 
23 returns, it turns IT. The next AP pulse re- 
turns IT, which causes 29 to return. Thus, the 
entry signal Int to ESI lasts for two AP pulse 
cycles. 

In the present example, the number and sign 
on the Internal buses are those of the accumu- 
lated result which is being applied to the Internal 
buses under control of signals SHRO and SHRD, 
as described in the preceding item. The tubes 
Int En (Fig. 21) of the electronic storage units 
are now being conditioned according to this ac- 
cumulated result. Two AP pulse cycles after 
the signals SHRO and SHRD were issued, the 
trigger I5R (Fig. 78e) was turned to cause signal 
R2 to be produced. This signal, in turn, caused 
the selected pilot unit I to produce the ESC I and 
Int to ES I signals. The Int to ES I signal renders 
the conditioned tubes Int En of electronic storage 
unit ESI conductive, causing these tubes to turn 
the related storage triggers and to block them 
from being reset under control of the cancel 
signal ESC I. As the signals ESC I and Int to 
ESI were not issued until two AP pulse cycles 
after the result signals were applied to the In- 
ternal buses, cross-talk arising from the result 
signals will have died out before the signal Int 
to ESI is applied to the set of tubes Out En of 
electronic storage unit ESI. 

When trigger 2 9- 1 CP (Fig. 80a) turned to 
cause the entry signal Int to ESI to apear, it 
also made 30a conductive to cause the negative 
signal Pil.IC to appear. This signal made tube 
40 (Pig. 80a) , common to all the pilot units, non- 
conductive, so as to produce the positive signal 
Pil.IC. The signal Pil.IC makes I2W (Fig. 78i) 
conduct, causing it to turn I IW for one AP pulse 
cycle. Upon the return of I IW, it turns I0W 
for one AP pulse cycle. Upon the return of 
I0W, it makes 9W conduct causing it to produce 
the negative signal Pil.ICC. This signal is ap- 
plied to the trigger 15 in each of the scanning 
spots Q to V (Figs. 78d to h) . As only the trigger 
1 5 of spot R (Fig. 78e) is in turned condition, the 
signal PilJCC is effective only on this trigger 
and restores it. 

23b. The signal Pil.ICC was produced in the 
manner described above two AP pulse cycles after 
29-ICP (Fig. 80a) was turned. Trigger 29 was 
turned under control of signal R2 to initiate the 
entry from the Internal buses into electronic 
storage. Two AP pulse cycles later, the signal 
PiLICC restores I5R (Fig. 78e), ending the R2 
signal and also the FR signal. The return of 1 5R 
also turns I6R. The next AP pulse resets I6R 
but meanwhile, I6R cuts off 20a to produce a 
negative signal CSF on a line common to spots 
Q to V. The signal CSF is effective through 1 1 a 
and 1 1 in Fig. 78a to restore I OM, thereby ending 
the SHRO and SHRD signals. The accumulated 
result thus applied to the Internal buses by the 
denominational shift unit is removed from these 
buses two AP pulse cycles after the entry signal 
Int to ESI was produced. In other words, the 
accumulated result is removed at the same time 
as the entry signal ends. 

When I6R (Fig. 78e) was turned, it also acted 
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through 4 and 34 and 35 to produce the negative 
signaL RS. 

The: shifted: accumulated result, including its 
sign, has now been entered, into electronic stor- 
age unit I and is to be transmitted therefrom to 
In; bus-set i and thence to selected relay storage 
unit 830 (see Item 5) . There are three: condi- 
tions for transmission of data from electronic 
storage to an In bus-set. 

23c. One of these conditions is the production: 
bj& a commutator spot which has been condi- 
tioned for an IC step, of its: "3" signal after this 
spot has produced its "2" signal. In the present 
example, spot, R is conditioned for an IC step 
and has produced its signal R2 to cause pilot 
unit I , selected by subfleid Rb, to pilot the result 
on the ; Internal bus-sets into electronic storage 
unit I. After the entry of the result into elec- 
tronic storage unit I was completed, the spot R 
produced the signal R3. Production of this sig- 
nal satisfies one of the: conditions for transmis- 
sion from the storage unit to the related In bus- 
set 

It .should be noted that for the transmission of 
sequence data, the main commutator, under con- 
trol of signal AE, produces the signal SW (see 
Pigs. 78? and 80s and Item 15d) which takes the 
place of the "3" signal from a commutator spot. 

23d. Another condition for the transmission 
of d&ta from electronic storage to an In bus-set 
is the production of the signal PRE. This signal 
is produced by a selected pilot unit as a result of 
the mixing of a tree signal PRES with the com- 
mutator signal NPR (in the case of transmission 
of data other than sequence data) , or the signal 
SPR (for the transmission of sequence data) . 

23e. A third condition for the transmission of 
data from electronic, storage to an In. bus-set is 
the receipt, by the. selected pilot unit, of a Back 
signal when the unit which has been selected to 
receive the transmitted result has been condi- 
tioned to receive data from a selected In bus-set. 
in the example, relay storage unit 030 has been 
selected by subfleid Rr (Item 5) to receive data 
from In bus-set ( and the Back signal is being 
applied to bus 81 of this In bus-set. This signal 
makes 23-3CP (Pig. 80e) of pilot unit I conduc- 
tive. When 23 conducts it cuts off 25 causing 25<i 
to be conductive and via switch 2SQ in norm 
position to maintain 24 (Fig. 80c) at cut-off. 
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by the commutator in a manner which: is clear 
from. Section 16b, Items 21 and 38, and the last 
part, of the summary in Section 16b. Briefly, in: 
addition to the three conditions for causing new 
QCO and: PS signals to be. produced and trans- 
mitted (see Item 15a) , a fourth condition is nec- 
essary to the production of the signals SPR and 
NPR (subsequent, to the first, "Artificial" line 
run) . This fourth condition is the return of the 
trigger 27X (Pig. 78j) by an ATD signal which 
follows by; some 16.ms. the AT signal. This latter 
signal manifests the completion of all data trans- 
mission called for by a program lino and carried 
into effect during a commutator run. In the 
"Artificial" line commutator run (Section 16b) , 
the signals STR and AT were, produced concur- 
rently (see Section 16b, Item 33 ) . Also, in this: 
"Artificial" line run SPR and NPR were pro- 
duced prior to AT. In subsequent runs of the 
commutator SPR and NPR are produced only 
after ATD resets trigger 2TX, to thus evidence 
that all data has been transmitted. Accordingly, 
such SPR and NPR signals will follow the OCO 
and PS signals. The signals SPR and NPR are 
of one AP pulse cycle duration. 

With regard to the transmission of the se- 
quence data, per se, selected by the fields iS I and; 
S2 in the first "Real" line of sequence taken as 
an example, the signal SPR is mixed with the 
signals PRES7 and 8 to cause the pilot units 7 
and 8 to produce their signals PRE (see Section 
16b, Item 23). Under control of these signals 
the tubes 24a-3CP (Fig. 80c) of. the pilot units 7 
and 8 are cut off, conditioning the couples 
2*— 24a of these pilot units to be made effective 
under control of the signal SW, in. the. manner 
described in Section 16b, Item 31.. The trans- 
mission of sequence data will. take, place this, 
time to the A side of sequence storage which has. 
been o-ened to receive sequence data (see Sec- 
tion 16b, Item 35), while the B side has been 
barred against receipt of data. The third se- 
quence data line, therefore, will be transmitted 
to the A side of sequence storage. When this 
transmission has been completed, the pilot units 
produce the pilot signal STR. 

The signal NPR, produced at the same time 
as t^e signal SPR, is effective upon those pilot 
units which are set with their respective switches 
5-SQ (Fig. SOe) in norm position, to cut off their 



This satisfies a third condition for transmission 50 respective tubes I6a-5CP. In the example, the 

tree signals PRES 1 and 5 have been produced 
(Items lOe and 10/) . These, signals respectively 
maintain tubes IS-5CP (Fig. 80e) of pilot units 
1 and 5 at cut-off, and thus select these pilot 
units to respond to the signal NPR. Upon this 
signal cutting off tubes I Sc-5CP, couples 16 — 16a 
of pilot units 1 and 5 become effective to produce, 
through tubes 15 and 13, the respective presense 
signals PRE of these pilot units. These presense 
signals, which are positive, act through 33-3CP 
(Fig. 80e) of pilot units I and 5 to turn their 
respective triggers 30-3CP. As a trigger 30-3CP 
turns, it turns 20-3CP. The triggers 30 and 29 
in 3 CP of pilot units I and 5 are thus turned 
to store the fact that these units have been 
presensed for producing transmission. With 
29-3CP turned, it cuts off 24a. This satisfies the 
condition for transmission discussed in Item 23d. 
This condition is satisfied under control of a pre- 
sense. signal which presenses the fact that a pilot 
unit has been selected for piloting transmission 
from electronic storage, to an In bus-set. 
As explained: in Section 16b. Items 23 and 32, 



under control of pilot unit I . Similarly, relay 
storage unit. 151 has been selected by field V to 
receive data from In bus-set 5 and a Back signal 
is being applied to bus 81 of this bus-set. This 
signal makes 23-3CP of pilot unit 5 conductive 
with the result that 24 of: this pilot unit is cut 
off. 

It should be noted that in the case of trans- 
mission of sequence storage a Back signal is not 
received by the pilot unit selected for piloting 
such transmission. Such pilot unit, however; has 
its switch 2SQ (Fig. 80c) set in seq position so 
as to allow the signal ICI, produced under con- 
trol of the signal SW, to be effective via 26 and 
switch 2SQ to substitute for the Back signal in 
cutting off 24. This is in addition to the func- 
tioning of the SW signal as a substitute for the 
"3" signal from the commutator spot condi- 
tioned for an IC step. The transmission of se- 
quence data, therefore, in reality requires but two 
conditions. One of these is the SW signal and 
the other is the PRE signal (see Section 16b, 
Items 20 and 3.1) . 
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23/.. The signals; NPR and SEJ& am .pEOduiffia::7a .^ triggers 30 in pilot, units 7 and 8, 
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which are piloting sequence data, make tubes 
35, 35a and 23a conductive and condition the 
tube (7 in each of these pilot units. The tubes 
35 and 35a while conductive block the AT and 
STR signals, respectively. The tube 23a while 
conductive blocks trigger 10 from turning, under 
control of a signal RDL, so as to prevent a Reset 
signal from being produced by the pilot unit. 
The tube 17 is conditioned in order that the 
transmission delay (7.5 ms.) should start at the 
same time as the transmission signal ES to In. 
The transmission of sequence data will not be 
described in further detail since it has been de- 
scribed already in Section 16b. 

With regard to a pilot unit for piloting data 
other than sequence data, the turned trigger 
30-3CP renders tubes 35-3CP alone conductive. 
Since switch 4SQ is in norm position, the tubes 
35a and 23a are not rendered conductive and the 
tube 1 7 is not conditioned. Thus, in the present 
example, tubes 35a of pilot units I and 5 are 
made conductive by turned triggers 30-3CP. 
These tubes 35 also block the AT signal. 

It is seen now that the Back signal to pilot 
unit I and the presense signal applied to this pilot 
unit combine to cut off the couple 24 — 24a in 
3CP of pilot unit 1. Similarly, the Back signal 
and presense signal in pilot unit 5 combine to 
cut off the couple 24 — 24a in 3 CP of this pilot 
unit. 

When 24 — 24a in the pilot unit I or 5 has been 
competely cut off, then at the next BP pulse time 
when 2 To is cut off, the common anode line of 
24 — 24a — 27a rises in potential and makes 18 
conduct. This causes 33 to turn and cut off 26a 
to produce the positive signal RDL. Moreover, 
when 26a is cut off, it makes 19 conduct and turn 
13, whereupon 13 cuts off 14. Also, when 19 
conducts it turns 10. Turned trigger 10 cuts off 
9, causing 5 to become conductive and produce 
the negative Reset signal upon bus 82 of In bus- 
set I . This signal, in a manner explained in Sec- 
tion 7, causes the selected relay storage unit to 
be reset. Trigger 33 is reset by the next occur- 
ring AP pulse and thereupon resets trigger 29. 

It is clear now that when two of the condi- 
tions, the receipt of a Back signal and the receipt 
of a presense signal by a selected pilot unit have 
been satisfied, that the tube I4-3CP of this pilot 
unit is cut off and, at the same time, a positive 
signal RDL is produced. 

The RDL signal initiates the operation of the 
Reset Delay counters in 4 CP (Pig. 80d) of the 
pilot unit, in the manner explained in Section 
16b, Item 33. It is seen further that when the 
two mentioned conditions for transmission have 
been satisfied, the selected pilot unit produces the 
Reset signal for resetting the relay storage unit 
which has been selected to receive the trans- 
mitted data. 

The Reset Delay counter produces, some 15 ms. 
after it has started operation, the delay pulse 
RDL #2. This pulse renders 34a-3CP conduc- 
tive so as to turn 28 which thereupon condi- 
tions 22. 

In brief, when the two mentioned conditions 
for transmission, i. e., the Back signal and the 
presense signal have been produced, the couple 
14 — 14a in 3CP is conditioned by 14 being cut off, 
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satisfies one of the three conditions for trans- 
mission under control of selected pilot unit I 
(see Item 23c). The signal R3 senses the pilot 
units for conditioning by the pilot unit selec- 
tion trees IC-ES to In (Pig. 56) . As explained 
in Item 10sr, the Rb branch of these trees has 
produced the tree signal ICR I. As a result, 
28a-5CP (Pig. 80e) of pilot unit I is cut off. The 
signal R3 cuts off the tube 28-5CP in each of 
the pilot units. Since 28a of pilot unit I has been 
cut off, couple 28 — 28a of this pilot unit becomes 
effective through 35a to cut off 34 so as to produce 
the positive signal ICI. This signal makes 
26-3CP (Fig. 80c) of pilot unit I conductive so 
as to reverse trigger 20. Reversed 20 cuts off 
19a and 14a. When 19a is cut off, it produces 
the positive transmission interlock signal TR. 
Ink. This signal makes 33a-2CP (Pig. 80b) and 
35a-iCP (Fig. 80a) conductive. With 33a-2CP 
conductive, it prevents the pilot unit from pro- 
ducing an entry signal Out to ES. With 
35a-lCP conductive, it blocks the pilot unit from 
producing an entry signal Int to ES. It is seen 
that upon receipt by a pilot unit, selected by an 
In field, of the "3" signal from the scanning 
spot associated with the In field, the pilot unit is 
blocked from producing entries into its related 
electronic storage unit from the Out buses or 
from the Internal buses. In the example, signal 
R3 has been received by pilot unit I and this 
pilot unit is now blocked against piloting entries . 
into electronic storage unit I from the Out bus- 
set I or from the Internal buses. This block on 
pilot unit I will be maintained until transmis- 
sion has taken place from electronic storage unit 
! to In bus-set I . 

As described in Items 23d, e and /, the two other 
conditions for transmission under control of pilot 
unit I are the receipt of a Back signal from se- 
lected relay storage unit 030 and the receipt of 
the presense signal NPR. Assuming the Back sig- 
nal has been received, 24-3CP is at cut-off. As- 
suming the presense signal has been received, the 
tube 24a-3CP has been cut off. Accordingly, 
I8-3CP has been made conductive at BP pulse , 
time and turned 33-3CP which results in the 
turning of 13 and 10 in 3 CP, and the production 
of signal RDL to start the Reset Delay counter 
(4CP) in operation. The turning of I0-3CP 
caused the Reset signal to be applied to bus 82 
of In bus-set I, in order to reset selected relay 
storage unit 030. The turning of I3-3CP cuts off 
I4-3CP. 

As described in the present item, the R3 signal 
55 has caused 20-3CP of selected pilot unit I to be 
turned, whereupon the interlock signal TR.Ink 
was produced and 1 4a-3CP was cut off. 

Now, when all three conditions for transmis- 
sion have ben met, couple 14— 14a in 3 CP is com- 
pletely cut off and renders the normally non- 
conducting tube 7-3CP conductive, whereupon 
l6-3CPisturned. 

Turned 1 6-3CP of pilot unit I acts via 8, 3 and 
3a to produce the positive transmission signal ES I 
to In. As explained in Section 6, this causes elec- 
tronic storage unit I to be read out to In bus -set 
t. Thus, the accumulated result now in ESI is 
transmitted via In bus-set I to selected relay 
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and the tube 22-3CP is conditioned by turned 70 storage unit 030 

trigger 28, and also a Reset signal is produced. Also, trigger I6-3CP, upon being turned, acts 

24. Signal R3 (see Fig. 78e) was produced after via 2 to apply increased potential to 22. This 

the accumulated result was entered from the In- has been conditioned as described in Item 22 un- 

ternal buses into electronic storage unit I, se- der control of the 15 ms. delay pulse RDL #2 

lected by In field R (see Item 23b). Signal R3 75 .Hence, 22 now becomes conductive and resets 10 
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thus terminating the Beset signal. It Jo mm 
that the Beset signal will fee terminated under 
joint control of the delay signal RDL #? and 
the turning of trigger 16 at the time it produces 
the transmission signal. The transmission sig^- 
nai cannot occur before the Beset signal because 
the Back signal and the NPR presense signal are 
required as well as the scanning signal R3, At 
best then, the Beset and transmission signals may 
occur simultaneously. When a pilot unit is used 
to pilot sequence data, the turning of 46 to pre 
duce the transmission sjgnaJ acts via 2 to render 
17 conductive which is conditioned by turned 38 
when switch 4SQ is in Seq position. When stwbe 
IT becomes conductive it cuts off M tp Produce 
the TBS signal for initiating the operation of the 
7% ms. transmission delay counter TR in 4CP 
(Pig. 80«D . At the end of this transmission Je» 
lay, the trigger 1«-3CF is restored <see Item 38, 
Section 16b). In the present case where piled 
unit I is being used for piloting pth«r data than 
sequence data, tube J7-3CP (fig. 80c) is ^t-epn- 
ditioned because switch 4SQ- pf this pilot -unit 
is in norm position. Acooxdingly, #ie transmis- 
sion delay does not -start solely under pontrol «f 
the turning of 16 when it initiates the -transmis- 
sion signal. Instead, it starts with the r^tusp.of 
I0-3CP and the termination pf ; the -reset ;sign^. 
The return of H, ;as described above, -is effWted 
when the coincidence tube 22 is made to con- 
duct under the joint control of the BDL v-*? 
signal and the turning pi 1$ when it starts the 
transmission signal. Upon the restoration of to 
in .the above manner, it turns I 1 . This cuts off 
12 to produce the signal TBS for initiating .oper- 
ation of the transmission delay counter TR .in 
4CP. At the end of this delay, the pulse TRD 
is produced. This pulse is inverted by <8^3CP 
to a negative pulse which turns 15 and restores 
16. The restoration of 16 terminates the -trans- 
mission signal. Thus, when a pilot ujiit 4s jjaed 
to pilot data other than sequence data, the trans?- 
mission signal lasts at least 7Vs> ms. longer than 
the Reset, signal. When a pilot unit is usedrfpr 
piloting sequence data, the -reset delay signal 
RDL #3 occurring 5 ms. after the Beset delay 
signal RDL ;#2, .causes I5-3CP to turn (see Item 
33, Section L6b). But when a pilot unit :is used 
for piloting other data than sequence data, the 
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storage has now been interpreted and its instruc- 
tions have been carried into effect. 

26. The positive signal R.IC is applied to the 
control grid of I8T (Pig. 78/) . Since the spot T 
has not hep. conditioned for an In step, the sup^ 
pressor of I8T has remained at conditioning po- 
tential. Accordingly, at completion cf the IC 
step of the R spop, signal R.IC renders J.8T con- 
ductive, causing it to turn 23T. This conditions 
24T and also causes signal T< to be produced. 
This signal senses the pilot units for a selection 
by the T field. In the example, the T field has 
selected pilot unit 3. This selection results from 
tree signal Tb3 (Item 10A) which cuts off Ga-5CP 
(Fig. &Qe) of pilot unit 8. The signal Tl now 
cuts off -the tubes G^5CP of all the pilot units. As 
6a^5CP of pilot unit 3 also is cut off , couple 6 — 6a 
ojf pilot unit 3 becomes effective via 7, I and 9 in 
5CP to produce the negative signal OC Int of this 
2p pilot unit. In a manner clear from Item 16b, this 
signal causes the pilot unit 3 to produce the sig- 
nal ES3 to Int. Under conta-pl of signal ESS to 
Int, fee data received from tape storage station 
I, hank 2 by electronic storage unit 3 (see Item 
iSb) is now applied to the Internal bus-sets. A 
Pil.QC signal is sent at the same time to the 
commutator spot W (Fig. 78i) . This is followed 
by ,ihe i Pil.QCC signal <see Item 17a) which causes 
conditioned 2 ST (Pig. 7-8/) to produce the signal 
30 T.OC. The latter signal turns 2IU (Fig. -78s0 , 
causing it to produce an .Op.OC signal. As com- 
mutator ACC.C (Fig. 78A) has again been con- 
ditipned (Item 22) , this commutator responds to 
the signal OP.OC and produces the signals ECC, 
R(CC, and ACC-BI. Consequently, the number 
and sign now present on the Internal buses are 
entered #3. .the accumulator unit. The Tl signal 
also has caused the operational OPSi to be ap- 
pUed .to the -mixing cirquit (Fig. 7ia) . A detailed 
description of these operations is unnecessary 
since ..they .ar.e similar to those controlled by the 
PI signal in .this example (note Items 16a, 17a, 
and 47iW . -When the accumulator .cycle has been 
completed, the commutator ACC.C produces the 
signal OPJ3S which causes 2IU to return, thus 
ending the T OC step and initiating the U OC 
step, i.^su^jt&s ia^r^^,^jBlgnai-UI jspror 
duce.d and causes the operational sign 2 to be ap- 
plied to thejmixing circuit (Pig. 71a) and the se- 
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switch 3SQ is in norm position and therefore .the 5.0 lected jPilo.t -unit. J -to -produce the signal ES6 to 



RDL #3 pulse has .no effect. Instead 1 5 is >turned 
concurrently with the -return of 16 at the .end.of 
the 7% ms. transmission delay. Trigger 45 'is 
reset by the next AP pulse and turns 21 which 
is restored by the following AP pulse. When 2 1 
is in turn restored, it acts via -27 to restore -P3, '20, 
28, 30, and I I, thus ending the transmission-con- 
trol operations. The return of 20-3CP in pilot 
unit I, removes the interlock signal TR:Ihk'fljpin 
blocking control over pilot unit I . The return of 
30-3CP in pilot unit I removes this pilot unit 
from blocking control over the AT signal. 

25. Trigger I6R (Pig. 78e) was turned (Item 
23b) toproduce the scanning Signal'.R3 as a con- 
dition to the transmission, signal. Trigger I6R 
is restored by the next AP pulse, ending the 
B3 signal. Upon I6B being restored, it turns I.9R 
which is reset by the following AP pulse. Mean- 
while, 1 9 in its turned status cuts off 20R to pro- 
duce the positive signal B.IC which goes to the T 
scanning spot. This .marks the termination ..of 
the IC scanning, step of .commutator spotiR. 
The SI Seq portion of the first real line i.pf se- 
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Iftt. This causes sine data received iby electronic 
storage .unit 6 from tape storage station 10, hank 
2 «t«m 15b) to ;b.e-applied to ; the Internal buses. 
Another PilvQC signal is produced and results in 
the no.w-Qonditioned tube '24.U (Fig. %8g) pro- 
duoing -the signal ;U;OC which turns 21V (Fig. 

As '2 I V turns, it causes an -OPjOC signal 
tpiberproduced. -This signal renders conditioned 
commutator ACC.C (Fig. 78A) effective -to pro- 
duce .the signals 'ECC, ACC-RI and then, the' sig- 
nal ACCOST, so - that the number on -the lnterhal 
buses is entered into -the accumulator unit arid 
anotheraccumulator-cycle-takes place. 

At the end -of -the last mentipned accumulator 
cycle.-a complete signal -eYCPT again causes the 
commutator ACOOto produce a signal ORBS, (see 
Item 17b) . This signal resets -2 IV which "there- 
upon;terminates the U OC step and initiates the 
scanning : step of the V spot . (Fig. l$h> '. ,As this 
spot has been, conditioned for an IC-step atqm 
14a)>its trigger "5V is in turned status. .In a man- 
ner such as described ip Item 20, .when .2 I V is 
restored it turns ,?2 which causes trigger 5 to. be 



quence ;data entered in ;ihe.:B ^e ,of , s^ thereupon 
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acts to produce an OP.IC signal. This signal 
causes the commutator ACC.C to issue the signal 
R.ROC. The latter signal is applied to the ac- 
cumulator unit and initiates a sign test of the 
accumulated result. Since trigger 5-7 Iff has not 5 
been reversed, it is not storing a half correction 
suppression condition (see Item 22) . According- 
ly, the sign test is the first step in the half cor- 
rection procedure which has been outlined in 
Section 13 and indicated in Fig. 74. In the course 10 
of this procedure the accumulated result is en- 
tered into the denominational shift unit (Fig. 25) 
after which shift steps are initiated. The accu- 
mulator unit is then canceled except for the 
stored sign, and a half correction entry of 5 is 15 
made into the first accumulator order. When the 
shift unit has completed all but one of the se- 
lected number and shift steps, it sends a com- 
plete signal SHCA to the accumulator unit and 
at the same time reads out the sub-shifted re- 20 
suit to the Internal buses. In response to the 
complete signal SHCA, the accumulator unit re- 
ceives the sub-shifted result to be accumulated 
with the half correction entry of 5 in the first 
order. At this point the accumulator unit con- 25 
tains the half corrected result in the orders above 
the first order. The accumulator unit then pro- 
duces its readout signal ACC-RO and at the same 
time the Proceed signal is sent to commutator 
ACC.C (Fig. 78A). 30 

The Proceed signal acts in the manner de- 
scribed in Items 20, 21 and 22 and causes the 
commutator ACC.C to produce another back sig- 
nal OP3S. This signal now restores 6V which 
Causes I IV to turn and produce the signal CSI, 35 
under control of the latter signal, signals SHCL 
and SHRI are produced and the sub-shifted re- 
sult now being applied to the Internal buses by 
the accumulator unit is entered into the denomi- 
national shift unit, and the sign of the result 40 
is entered into the sign storage trigger 2M or 
6M (Fig. 78a). Upon termination of the SHRI 
signal the signal SHS is produced by the turning 
of I3M. This causes the denominational shift 
unit to perform the number of steps called for by 45 
the number now present in the descending count- 
er (Fig. 27a). Originally, the number entered 
into the descending counter for the second half 
of the present commutator run was 6 (see Item 
22). During the half correction procedure for 50 
the accumulated result, the denominational shift 
unit performed five shift steps, and the descend- 
ing counter now therefore stands at 1. Accord- 
ingly, under control of the signal SHS produced 
under control of the main commutator, the de- 55 
nominational shift unit performs the final shift 
step, completing the total of six shift steps to 
the right called for by the S2Seq portion of the 
line of sequence data. 

When the shift has been completed the de- 60 
nominational shift unit sends out the complete 
signal SHCP. Under control of this signal, the 
trigger 9N (Fig. 78b) is turned to cause the sig- 
nal CSRD to be produced at the next effective 
AP pulse time. This signal reverses 7N and also 65 
I0M. Reversed I0M causes the signals SHRD 
and SHRO to be produced for timing the read- 
ing out of the shifted number and sign to the 
Internal buses. One AP pulse cycle after 7N is 
turned the trigger 8N acts to produce the posi- 70 
tive signal CSV, as a result of which the trigger 
1 1 V is reset. 

Upon the restoration of I IV (Fig. 78ft) , it turns 
15 so that the signal V2 is produced. This sig- 
nal senses the pilot units for a selection by the 75 



V branch of the IC-Int to ES trees (Fig. 58) . 
This branch is storing the code number 5 and 
therefore is producing the tree signal IVC5 (Item 
10ft.). This tree signal cuts off 48a-5CP (Fig. 
80e) of pilot unit 5. The V2 signal now cuts off 
tubes 48 of all the pilot units. Since 48a of pilot 
unit 5 has been cut off, the couple 48-48a of this 
pilot unit now acts through 47a, 4 1 and 33 to pro- 
duce the negative signal IC Int. In the manner 
which is clear from Item 23a, this signal is effec- 
tive to cause the pilot unit 5 to produce its sig- 
nals ESC5 and Int to ES5. Consequently, the 
shifted result and its sign are now entered in 
electronic storage unit 5. 

Upon the production of the signal Int to ES5, 
the pilot unit 5 produces the signal Pil.IC which 
brings about the return of 1 5V (Fig. 78ft.) . This 
terminates the V2 signal. Upon the return of 
15, it turns 16 which causes signal CSF to be 
produced for terminating the SHRO and SHRD 
signals (see Item 23b). 

The turning of 16 also causes the signal V3 
to be produced by the V spot. The signal V3 
cuts off the tubes 3I-5CP (Fig. 80e) of all the 
pilot units. The tree signal ICV5 has been pro- 
duced in the manner described in Item 10/ and 
is cutting off 31a of pilot unit 5. Accordingly, 
the signal V3 renders 31 — 31a of this pilot unit 
effective to produce the pilot unit 5 signal ICI. 

In the manner described in Item 24 this signal 
produces the transmission interlock signal TR 
Ink and causes I4a-3CP of pilot unit 5 to be cut 
off. It has been assumed that the presense sig- 
nal NPR has been applied to the pilot units and 
has caused 24a-3CP of pilot unit 5 to be cut off 
(see Item 23/) . Assuming that the Back signal 
from the Vr-selected relay storage unit 151 has 
been received by pilot unit 5, all three conditions 
for transmission under control of pilot unit 5 
have been satisfied and the signal ES5 to In is 
produced for causing the shifted accumulator re- 
sult to be read out from electronic storage unit 
5 into selected relay storage unit 151. 

Trigger 16V (Fig. 78ft) is returned after being 
turned for one AP pulse cycle. The return of 
1 6V terminates the V3 signal and also causes 1 9V 
to turn. As a result, 20V produces the positive 
signal V.IC which renders 1 3W conductive, caus- 
ing I7W (Fig. 78i) to return. It should be noted 
that in the first scanning sequence and also when- 
ever the V field is blank, the negative V.OC sig- 
nal will be produced by the V spot (see Section 
16b, Item 26v) to cause I7W to return. It is also 
to be remembered that 1 7 W was turned after all 
three conditions for a new commutator start had 
been established (see Section 16b, Item 39) . 

Upon restoration of 17 W the tube I8W is cut 
off. This satisfies one condition for a new com- 
mutator run, this one condition being the termi- 
nation of the scanning sequence in the present 
run. 

Also upon 1 7 W restoring, it causes 5W to pro- 
duce the signal FC. This signal is inverted by 
26N, Fig. 78b, to a negative signal for restoring 
the triggers 19 and 31 which have been storing 
the In conditioning of the scanning spots R and 
V. The FC signal also acts through 29a (Fig. 
79fc) to return 3BZ. It should be noted that 30Z 
was turned in the preceding scanning sequence 
(see Section 16b, Item 22a) in order to drop out 
the o2. signal. With trigger 30 then turned, it 
conditioned 31 — 31a to produce the b2 signal 
when 26Z was subsequently restored under con- 
trol of the FR signal, as described in Item 22. 
Now, at the end of the present scanning se- 
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quence, the signal PC returns 30Z as a result of 
which the signal 62 is dropped. 

The return or back signals SE, AE, STR and 
AT produced during the present run are discussed 
below. 

The SE signal occurs when the selected se- 
quence data have been safely entered into the 
then open side of electronic storage. Such se- 
lection has been made in accordance with the 
setting of the SI, S2 pyramids (Fig. 50) in the B 
side of sequence storage. When the selected se- 
quence data have been safely entered into elec- 
tronic storage the heating of the B side of the 
SI, 52 pyramids may be terminated and prepa- 
ration may be made for the heating of the B 
side of sequence storage. The SE signal this time 
causes the trigger 10, Pig. 75e, to return and 
thereby drop the heating relay Yl for the B side 
of the SI, S2 pyramids. Note that 10 was turned 
by the preceding SE signal (Section 16b, Item 
29) in order to drop the heating relay XI for the 
A side of the SI, S2 pyramids. The next STR 
signal then returned IB, Fig. 75e (this was turned 
by the first STB signal; Section 16, Item 7), in 
order to energize the heating relay Yl. Now 25 
the SE signal when produced in the present run, 
returns 10, Pig. 75e, whereupon Yl is deenergized. 
When the next STR signal is given, it again 
turns ft and XI is again energized as in Section 
16b, Item 7. 

The AE signal is produced when all the entries 
called for by the active line of sequence data 
have been safely made into electronic storage. 
When the signal AE is produced it causes 7X 
(Pig. 78j) to be turned and to produce the se- 
quence data transmission control signal SW, in 
the manner described in Section 16b, Item 31. 
The signal SW and the presense signal SPR com- 
bine to control the two selected pilot units 7 and 
8 to transmit the selected sequence data to the 
open side of sequence storage. In the present 
run the open side is the A side and the relays 
AI will be energized selectively hi accordance 
With the second real line Of sequence data. As 
a corollary to the transmission of the new se- 
quence data into the A side of sequence storage, 
the previously operated relays AOR and AOP are 
to be reset. 

The trigger 7X, Fig. 78j, was turned to pro- 
duce the SW transmission signal for the sequence 
data to be transmitted to the then open A side 
of sequence storage (see Item 23/). One AP 
pulse cycle later the restoration of 7X causes the 
signal ICIC to be produced. This signal, in a 
manner described in Section 16b, Item 34, ini- 
tiates operation of the ICIC delay counter in Pig. 
75cf. The trigger 18, Pig. 75d, was turned under 
control of the preceding ICIC signal. As a re- 
sult relays BOR were energized. The next STR 
signal returned 16, Pig. 75d, causing relays BOR 
to be deenergized (Item 35, Section 16b) . Now 
the new ICIC signal produced in this commuta- 
tor run acts through the ICIC delay counter to 
return 18, so the relays AOR are energized as in 
Section 16b, Item 2. When the sequence data 
have been safely transmitted into the A side of 
sequence storage, the STR signal is produced 
and causes the relays AOR to be deenergized, so 
that the stick circuits for the AOP relays are 
made, just as in Section 16b, Item 5. 

The signal AE is followed, after some 15 ms. 
by the signal A ED (see Section 16b, Item 27). 
The latter signal resets 1 9W, Fig. 78i (note that 
1SW was turned after a condition for a new com- 
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Item 39) . Now the new AED signal restores 19W 
cutting off 18a. This satisfies a condition for a 
new commutator run. Another condition re- 
ferred to previously is the return of ITW at the 
end of the scanning sequence so as to cause I8W 
to be cut off. 

The AE signal also returns 22, Fig. 75a (see Sec- 
tion 16, Item 2) . As a result, the relays YM and 
Y2 are deenergized. Further, the signal restores 
24, Fig. 75/, 18 and 30 in Fig. 753, and 12 in Pig. 
75ft. Consequently, the relays Y3, 4, 5 and 6 are 
deenergized (see Section 16b, Item 36) . As the 
relays YM, and Y2 to Y6 are deenergized, the 
heating of the B sides of the Out sequence storage 
circuits terminates. This may be safely done now 
as all the numbers from the sources selected by 
the B sides of these circuits have now been en- 
tered, from the Out bus-sets, into electronic 
storage. 

When the sequence data has been safely trans- 
mitted into sequence storage, the pilot units pro- 
duce the signal STR. Briefly, this signal pro- 
duces the STR commutator signal (Pig. 78fc) 
which accomplishes the following. 

it returns 16, Fig. 75d, in order to drop out the 
relays AOR, as in Section 16b, Item 5. 

The signal STR also turns 16, Fig. 75e, in order 
to pick up the relays XI to heat the A sides of 
the S I , S2 pyramids (Pig. 50) . 

The signal also turns 28, Pig. 75e, and since 22 
has been seset under control of the all^entry sig- 
nal AE, the relays X2, XM, and then X8, X4, X5, 
and X6 are again energized, as in the first run 
of sequence (see Section 1 6b, Items 9, 10, and 
11) to heat the A sides of the Out sequence stor- 
age circuits. 

Signal STR also turns 2, Fig. 75e, so that the 
relay AM is dropped and the relay ~BM is reen- 
ergized. Consequently, the B side of sequence 
storage is ready for the third real line of se- 
quence data, while the A side now storing the 
second read line is shut. 

The signal STR also starts the S transmission 
delay which, after some 10 ms., produces signal 
STRDI which turns 22, Fig. 75d (this was re- 
stored by the previous STRDI Signal; see Sec- 
tion 16b, Item 39) . Since 22, Pig. 75b, is now 
again turned by the new STRDI signal, the re- 
lays AIR are again energized as in Section 16b, 
Item 13. The later STRD2 pulse turns 28 and 
causes relays AIR to be dropped (see Section 16b, 
Items 18 and 19) . 

The STRDI signal also turns 23W (Pig. 78t) 
causing it to apply a potential rise to 1 4 W. This 
satisfies a third condition for a new commutator 
run. If the other two conditions; namely, the 
completion of the scanning sequence and the pro- 
duction of the AED signal also have been met, 
then I4W becomes conductive and turns 15. 
Since 25W and 28W have both been reset (see 
Section 16b, Item 39) , when ItSW is returned by 
the next AP pulse it turns 25W so that the b sig- 
nal is dropped. One AP pulse cycle later, 28W 
is turned and the a signal is produced, as in Sec- 
tion 16b, Item 14. The return of I5W also brings 
about the production of the new signal SCM. 
Just as in the first Sequence run (Section 16b), 
the al signal is produced under control of the 
SCM signal. Also, new OCO and PS signals are 
produced to time the piloting of new entries into 
electronic storage and to time the beginning of 
the new scanning sequence (Section 16b, Item 
21). 

The signal AT is given when all the transmis- 
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mutator run had been satisfied; see Section 16b, yg sions from electronic storage into the selected 
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receiving means have been safely completed. The 
signal AT accomplishes the following: 

It starts the AT delay counter (Pig. 75b) 
which, after some 16 ms. produces the signal 
ATD. This signal returns 2TX (Fig. 78j) to allow 5 
the new presense signals SPR and NPR to be pro- 
duced if the other three conditions, those for 
producing signals OCO and PS, also have been 
met (see Section 16b, Items 21, 38, and 39). 

The signal AT this time causes trigger 3, Pig. 10 
75c, to be reset from the status to which it was 
turned by the signal AT in the preceding run (see 
Section 166, Item 37) . With 3, Pig. 75c, reset, it 
causes relay YT to be dropped and relay XT to 
be energized, as in Section 16b, Item 3. Relays 15 
YT and XT are the heating relays for the B and 
A sides, respectively, of the In sequence storage 
circuits. Since the transmissions into the re- 
ceiving means selected by the B side has been 
completed and since the A side is now set ac- 
cording to the In data in the next line of se- 
quence data, the relay YT is dropped as stated 
above and the relay XT energized. 
To recapitulate, a new commutator run is 



Meanwhile, a new commutator run may start and 
operations, including a calculation, called for by 
. Out fields and an OP field of new line of a se- 
quence data, may take place. 

17a. Re the second real line of sequence 

Suppose the second real line of sequence data 
entered in the A side in the preceding run (Sec- 
tion 17) is: 



Ps PA Pr 

2 1 012 



T» T6 Tr 
0 5 121 



SHI OP1 SI 
0 01 01 



SH2 OP2 S2 
0 01 02 



SISeq 

Qj Q6 Qr R« Rb Br 

2 2 013 1 3 030 
S2Seq 

Ua Ui> Ur Vj V6 Vr 

1 4 151 4 1 122 

The code number 01 in field OP2 characterizes 
field T as an in field (see Sections 2a and 11). 
This code number in fields OP I and OP2 also 
called for accumulation to be effected with the 
20 held T serving as an In field. 

The interpretation of the fields P, Q, R, SHI, 
OP I, T, SH2 and OP2, in the above line is as 
follows. A number is to be taken from relay 
storage unit 012 (Pr) and applied to Out bus- 



started when: (1) the all-entry delay signal AED 2 5 set I (Pb) and to be handled without a change 



has been given, manifesting that all the entries 
into electronic storage as called for by the active 
line of sequence data have already been safely 
made; (2) when the scanning sequence has been 



in sign (Ps=2). A second number is to be 
taken from relay storage unit 013 (Qr) and ap- 
plied to Out bus-set 2 (Qb) to be handled with- 
out a change in sign (Qs=2). A third number 



completed, and (3) when the sequence data called 30 is to be read out of relay storage unit 030 (Rr) 
for by the active line of sequence data in one side 
of sequence storage have been safely entered into 
the alternate side of sequence storage, as mani- 
fested by the delay signal STRDI. Preparation 
is thus made for operation to be performed dur- 
ing a new commutator run, as directed by the 
Out fields and the SI and S2 fields in the new 
line of sequence data. The signals SCM, OOO 
and PS are produced. The signal SCM starts the 



to Out bus-set 3 (Rb) to be handled with a 
change to sign (Rs=l). These numbers are to 
be successively entered in the accumulator unit, 
as instructed by the code number 01 in field 
35 OP I . The accumulated result and sign are to 
be transmitted to relay storage unit 121 (Tr) 
by way of In bus-set 5 (Tb) . The code number 
01 in OP2 is to maintain the accumulator con- 
trol commutator ACC.C (Fig. 78A) conditioned 



Ink delay in Pig. 78c and causes the pilot units 40 and also characterizes field T as an In field. 



selection trees to be heated on the proper side. 
The signal PS starts the new scanning sequence. 
The signal OCO allows the entry signals Out to 
ES to be produced by selected pilot units. How- 
ever, such selected pilot unit must also receive 
a Forward signal and must not be storing a 
transmission condition arising from the preced- 
ing line of sequence data. If a pilot unit is still 
in a transmission storage condition, its signal 
TRJnk is still effective to prevent the pilot unit 
from producing the signal Out to ES. 

During the new scanning sequence, the "1" 
signals from the accummulator spots conditioned 
for OC steps will be successively applied to the 
selected pilot units to cause them to produce their 
signals ES to Int. However, such signal will be 
blocked until the entry from the Out bus-set into 
the electronic storage unit, both associated with 
the pilot unit have been completed. Also, the 
signal Int to ES will be blocked if the pilot unit 
is still in a transmission storage condition. 

It is seen, then, that all transmissions called 
for by a line of sequence data do not have to be 
completed before a new commutator run is 
started. During the new run, entries may be 
made into electronic storage from Out bus-sets 
and from electronic storage to the Internal 
buses. But until some 16 ms. after the AT sig- 
nal has been produced to signal that all trans- 



No column shift is to take place of the accum- 
ulated result, since the fields SHI and SH2 are 
blank and since the subfield Ts has no control 
over the shift amount and, hence, is left blank 

45 when T is an In field. Half correction of the 
accumulated result is to be suppressed. 

The interpretation of fields U and V, in con- 
junction with OP2 and SH2, in the second real 
line of sequence is: 

50 The number in relay storage unit 151 (Ur) is 
to be routed via electronic storage unit ES4 
(Ub) to the accumulator (01 in OP2) and the 
minus operational sign (1 in TJs) is to be ap- 
plied to the sign mixing circuit of the accum- 

55 ulator. The number, changed in sign, is to be 
transmitted via the denominational shift unit, 
without column shifting (Vs=4 and SH2=0), 
and via ESI (Vb) to relay storage unit 122 (Vr) . 
The code numbers 01 and 02 in SI and S2 of 

60 the second real line of sequence are the same 
as considered in the first run of sequence (Sec- 
tion 16) and will not be discussed in the pres- 
ent section. 

As described at the end of the preceding sec- 
65 tion the signal "a" has been produced. In the 
manner described in Section 16b, Item 15a, the 
"a" signal acts through the control frame to 
cause the A sides of the operational sign and 



In code circuits (Pigs. 60 and 61) to be heated, 

missions have been made as called for by the 70 Since T is an In field, heating of the T branches 

preceding line of sequence data, the transmis- 0 f the operational sign circuits is not effected, 

sions called for by the next line of sequence data while the A side of the T branch of the In code 

will not be made because this requires new NPR circuit is heated. The heating of the T branch 

and SPR signals. These signals cannot be pro- causes the tree signal TIC to be produced. This 

duced until the ATD signal has been given. 75 signal cuts off 21, Pig. 78b. Subsequently the 
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Ink signal is produced and cuts off 21a, where- 
upon the tube 22 conducts and reverses 23, caus- 
ing 24 to produce the positive signal T "in," 
Also, as V is an In field, the signal V "in" is 
given at Ink signal time (see Section 17, Items 
9 and 14a). These signals remain in effect un- 
til the PC signal occurs at the end of the scan- 
ning sequence. The signals T "in" the V "in" 
oondition spots T and V (Figs. 78/ and h) for 
IC steps, by turning their triggers 5 and by block- 
ing the turning of their triggers 23. 

Also, the signal T "in," which is positive, has 
the special function of maintaining tube 3P (Fig. 
78c) conductive, so that the. signal HCR will 
not be given when the signal FR is produced at 
the end of the ROC step. The signal HCR if 
produced, would reset the trigger 5, Fig. 71#, 
from its half correction suppression condition 
(see Sections 17, Item 14) , and this is not to be 
done for the second half of the scanning se- 
quence in the present commutator run, for rea- 
sons explained later. 

As described in Section 160, Item 155, the 
signal "a" also causes the A sides of the pilot 
units of the selection trees (Figs. 54 to 58) to 
ba heated. 

Also as described in Section 16b, Item 16, the 
«t signal is produced for causing heating of the 
A sides of the shift code circuits (Figs. 62 and 
63) and of the A side of the OP I pyramid (Fig. 
59). 

Heating of the OPi pyramid results in the 
presence of decreased potential on line OPOI. 
Consequently, 19. Fig. 77a, is cut off causing 20 
and 20a to conduct. With 20 conductive it acts 
through SO and 24 to produce the signal ACC 
Code. This signal, as explained in Section 17, 
Item 13, conditions tube 2 of the commutator 
ACC.C (Fig. 78A). Also, with 20a, Fig. 77a, 
conducting, it applies decreased potential to the 
wire HCSw. Consequentlv, the signal HCSS is 
produced (see Figs. 77b and 78a) . 

The Ink signal occurs about Yz ms. later and 
completes the conditioning of the commutator 
ACC.C (Fig. 78A), in the manner described in 
Section 17, Item 14c. The Ink signal also mixes 
with the signal HCSS to cause the couple 
30--3&a in Fig. 78a to produce the half correction 
suppression signal HCS (see Section 17, Item 
14«0. Also, the Ink signal completes the con- 
dition for production of the signals T "in" and 
V "in" as previously described. 

Entries from the selected Out bus-sets into 
the related electronic storage units from the 
sources selected by the Out fields occurs in the 
same manner as described in Section 17, Item 
15a and b. 

Briefly, the OCO commutator signal is mixed 
with Forward signals to cause the pilot units 
I, 2, t and 4 to produce their respective sig- 
nals Out to ES to pilot the numbers from relay 
storage units 012, 013. 033, and 151 to electronic 
storage units 1,2,3, and 4, respectively. 

The pilot unit I will be effective for produc- 
ing the entry signal Out to ESI provided that 
the transmission called for by the R field of the 
preceding line of sequence has been completed 
(see Section 17, Item 24) . The R field in the 
preceding line of sequence called for transmis- 
sion to be piloted by pilot unit I into relay storage 
unit 038. If this transmission has not yet been 
completed, the signal TR Ink will still be effec- 
tive to pilot unit | to hold 33a, Fig, 80a, conduc- 
tive, so that 32 will be doconditioncd and the 
trigger 26 will not be able to return and cause 
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the signal Out to ESI to be produced. When 
the transmission called for by the R field in the 
preceding line of sequence has been completed 
the interlock signal TR Ink in pilot unit I no 
longer blocks the production by this pilot unit 
of the entry signal Out to ESI. 

The pilot unit 3 will not function to produce 
the entry signal Out to ES3 in this particular 
example unless the signal AT has been given to 
indicate that all the transmissions called for by 
the preceding line of sequence have been com- 
pleted. In this instance the blocking of pilot 
unit 3 results from its failure to receive a For- 
ward signal from the relay storage unit 030 
selected by subfield Rs of the present line of se- 
quence. The R field of the preceding line of se- 
quence called for transmission into the relay stor- 
age unit 030. Accordingly, the unit in 030 has 
been operated and has shifted its contacts bs 
(note Fig. 29). If the signal AT has not been 
produced, then the heating relay Y7 for the IN 
sequence storage circuits is still in energized 
status and therefore the Unit In 030 is still in 
operating condition and maintaining its points 
bs shifted. Even though transmissions called for 
by the preceding line of sequence have not been 
completed, the Out sequence storage circuits may 
be heated, as described in the last part of Sec- 
tion 17, and so unit Out 030 may be in operat- 
ing condition and closing its contacts fs. Even 
though these contacts are closed, and the con- 
tacts fs of the selected group Out. also are closed, 
the Forward signal circuit may not be established 
if the contacts bs of Unit In 030 are still in 
shifted condition. When the transmission com- 
plete signal AT has been given, the heating relay 
Y7 is dropped and the relay XT is energized, 
as described in the last part of Section 17. When 
the relay Y7 is dropped, unit In 030 is deener- 
gised and its contacts bs return to normal con- 
dition, allowing a Forward signal to be applied 
from relay storage unit 030 to the pilot unit 3 
selected by fubfield Rb of the present line of 
sequence. Pilot unit 3 may then function under 
further control of the OCO signal to produce the 
entry signal Out to ES3. 

Similarly, a Forward signal will not be applied 
to pilot unit 4, selected by subfield Ub in the 
present line of sequence, if the. signal AT relat- 
ing to the preceding line of sequence has not 
been given and has not yet caused relay Y7 to 
be dropped so as to allow Unit In 151 selected 
by Vr of the preceding line of sequence to be 
deenergized. 

The signal PS given at the same time as the 
signal OCO initiates the new scanning sequence. 
This may be done even though the signal AT 
relating to the preceding line of sequence has 
not yet been given, for reasons explained in the 
last part of Section 17. During the new scanning 
sequence the PI signal is produced and causes 
the selected operational sign to be applied to 
the sign mixing circuit of the accumulator (see 
Section 17, Item 16a). The PI signal also causes 
selected pilot unit J to produce signal ESI to 
Int provided entry into ESI from selected relay 
storage unit 0 1 2 has been completed (see Section 
17, Item. 16b). If the transmission called for 
by field R in the preceding line of sequence, has 
not yet been completed, pilot unit I will still be 
producing its signal TR Ink. The. trigger 25, Fig. 
80b, in pilot unit I will have been turned under 
control of the signal OCO or the Forward signal. 
With the turning of 25, Fig. 80b, the trigger 21, 
Fig. 80a, will be turned (see Section 16b, Item 25) 
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and will make 16a conductive so as to block the 

ESI to Int signal and the Pil.OC signal (see Sec- 
tion 17, Item 16&). As long as the interlock 
signal TR Int is effective, it prevents return of 
25, Pig. 80b, so that the signal Out to ESI will 
not be produced, and the trigger 21, Fig. 80a, will 
not be returned and will not release the pilot 
unit for producing the signal ESI to Int or the 
signal Pil.OC. Only after both the transmission 



this pyramid is set at 01, the signal ACC code 
again is produced and applied to the commutator 
ACC.C (Pig. 78A). The signal HCSS also is 
produced, as before. Signal PR also turns 5P 
(Pig. 78c) to initiate the Ink signal delay. 

When 5P turns, it cuts off 3a but since signal 
T "in" is maintaining 3 conductive, the signal 
HCR is not produced and does not reset the 
trigger 5, Pig. Tig (Section 17, Item 12) which 



selected by a field in the preceding line of se- io remains in turned, half correction suppression 
quence to be piloted by a pilot unit, and the entry status in which it was placed for the first half 
into electronic storage selected by a field in the of the present scanning sequence. The reason 
next line of sequence to be piloted by the same for blocking the signal HCR at the beginning of 
pilot unit have been completed, is the signal OC the second half of the scanning sequence, when 
Int in the pilot unit effective to allow the pilot 15 T is an In field is explained below, 
unit to produce its signal ES to Int. Upon the return of 2 IT, it not only reset 

Concurrent with the production of the signal 23R to cause signal FR to appear, but it also 

turned 22T to cause the turned trigger 5T to 
be restored. The restoration of 5T reversed 6T, 



ESI to Int by pilot unit I, the pilot unit produces 
the signal Pil.OC. This signal, in a manner de- 



scribed in Section 17, Item 17a causes 2 IQ (Pig. 20 causing signal OP.IC to appear (see Section 17, 



78d) to turn and to produce the signal OP.OC. 
Signal OP.OC causes the conditioned commutator 
ACC.C (Pig. 78A) to function for producing the 
signals ECC, RCC, and ACC-RI, so that the num- 



Item 20) . Since commutator ACC.C (Fig. 78A) 
still is conditioned at this time, it responds to 
the signal OP.IC and produces the signal R.ROC. 
This signal initiates the sign test of the accumu- 



ber from the source selected by the P field is 25 lated result. If trigger 5, Fig./71sr, had been al- 



transferred from electronic storage unit I to the 
entry tubes of the accumulator unit. One AP 
pulse after the termination of the entry, signal 
ACC-ST occurs causing the accumulator cycle to 



lowed to return, the sign test would have initiated 
the half correction procedure described in Sec- 
tion 13, but this procedure is not called for when 
the accumulator unit is used and T is an In field. 



ensue so that the number is entered into the 30 Signal HCR therefore is not produced in this 



accumulator registers RC (Pig. 70). The cycle 
complete signal CYCPT acts upon commutator 
ACC.C to cause it to produce the signal OPJBC. 
This signal returns 2IQ, ending the P OC step 



run when 5P (Pig. 78c) is turned by signal FR 
because the positive signal T "in" is effective to 
block the signal HCR. Trigger 5, Fig. 71a, there- 
fore remains in turned state and suppresses the 



and initiating the Q OC step (see Section 17, 35 half correction procedure. 



Item 17b). 

During the Q OC step, the signal Ql is pro- 
duced and causes the second number to be read 
out from electronic storage unit 2 to the Internal 



buses under control of the signal ES2 to Int. 40 tervenes (Pig. 73). 



The sign test initiated by signal R.ROC causes 
signals ACC-RO and Proceed to appear at once 
if the sign is positive; but if the sign is negative, 
then the complement conversion procedure in- 



Concurrent with the latter signal pilot unit 2 
produces the signal Pil.OC which causes the 
trigger 2IR (Fig. 78e) to turn. The turning of 
trigger 2IR produces another OP.OC signal. As 



The Proceed signal initiates operation of 
counter 33, 34 and 35 in ACC.C (Pig. 78A) by 
turning 33 (see Section 17, Item 20) . The turn- 
ing of 35 occurs two AP pulse cycles after the 



a result, the conditioned commutator ACC.C 45 Proceed signal. If the Proceed signal follows 



again operates to cause the second number to 
be received by the accumulator unit and a sec- 
ond accumulator cycle to take place for trans- 
ferring this second number to the registers RC 
to be accumulated with the first number. At 
the end of the cycle the commutator ACC.C is 
again operated to produce the signal OP.BS. 
This signal now returns 2IR thus terminating 
the Q OC step and initiating the R OC step. 
During the OC step of the R spot the signal 
Rl is produced and causes the selected pilot unit 
3 to produce the signal ES3 to Int. This pilot 
unit thereupon produces the signal Pil.OC which 
causes the trigger 2 IT (Pig. 78/) to turn; As 
2 IT turns it produces the third signal OP.OC 
which caused the commutator ACC.C to produce 
the signals for effecting the entry of the third 
number into the accumulator to be accumulated 
with the other two numbers in registers RC. 
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the detection of a positive sign in the accumula- 
tor, the turning of 35 occurs two AP pulse cycles 
after signal R.ROC which is concurrent with 
signal PR, in this sequence run. If the Proceed 
signal follows the complement conversion pro- 
cedure, the turning of 35 occurs more than two 
AP pulse cycles after signal PR. The signal 
PR has initiated the operation of the Ink de- 
lay counter (Fig. 78c) by turning 5P. One AP 
pulse cycle later, 5 P is returned and signal ACCL 
appears (see Section 17, Item 22) and decondi- 
tions ACC.C. One AP pulse cycle later, the signal 
Ink is produced. Since signal ACC Code has 
since been reapplied to ACC.C, signal Ink re- 
conditions ACC.C. The turning of 35-ACC.C 
occurs at the same time or later for reasons ex- 
plained above. By then ACC.C has been recon- 
ditioned, so upon the turning of 35, it produces 
signal OP.BS. One AP pulse cycle later 35 is 



At the end of the third accumulator cycle the 65 returned and resets 1 4, so as to prepare ACC.C 
commutator ACC.C is again operated to produce to produce signal RCC. 



the signal OP.BS which this time returns 2 IT, 
causing the R OC step to terminate and the IC 
step of the T spot to begin. 

The return of 2 IT ends the R OC step by caus- 
ing 23 R to return (see Section 16b, Item 26R) . 
Signals FR is produced by the return of 23R (see 
Section 16b, Item 26-1) . This signal causes the 
a I signal to cease and the a2 signal to appear. 



The signal OP.BS this time causes 6T (Fig. 
78/) to be reset and thereupon to turn I IT. 
Signals CSI, SHCL, SHRI and SHS are then 
70 produced in the manner described in Section 17, 
Item 22. These signals cause the accumulated 
result, now applied to the Internal buses by 
signal ACC-RO to be entered in the denomina- 
tional shift unit, and in the sign storage triggers 



Signal a2 heats the OP2 pyramid (Fig. 59), As 75 2M and 6M in Fig. 78a, and the denominational 
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shift unit to perform the selected number of 
shift steps. The denominational shift unit then 
produces the complete signal SHCP which goes 
to the N spot (Pig. 78b) and initiates opera- 
tions leading to production of readout signals 
SHRO and SHRD. These signals cause the 
denominational shift unit and the sign storing 
triggers to apply the accumulated result and sign 
to the Internal buses. 

One AP pulse cycle after production of the 
readout signals SHRD and SHRO, signal CSV 
appears and returns I IT (Pig, 78/> causing 1 5T 
to turn. This results In production of signal T2. 
Signal T2 renders selected couple 45 — 45a in 5CP 
(Pig. 80e) of pilot unit 5 effective through 44a, 
41 and 33 to produce signal IC Int in. this pilot 
unit. As in section 17, Item 23a, pilot unit 5 
then produces signals ESC9 and Int to ES5, so 
that the number and sign on the Internal buses 
is entered in ES5. At this time, pilot unit 5 
also causes signal PilJC to appear, and this 
signal is followed by signal Pil.ICC which re- 
sets 1ST. 

Upon return of 1ST, it turns IBT for one AP 
pulse cycle. The turning of 1ST causes signal 
CSF to appear and terminate the readout signals 
SHRO and SHRD, as in Section 17, Item 23b. 
The turning of I6T also brings about the produc- 
tion of signal T». Assuming that selected relay 
storage unit 121 has applied a Back signal to 
selected pilot unit 5 and that a pressnse signal 
has been produced, the signal T3 completes the 
conditions for transmission of the accumulated 
result, with sign from ESS to relay storage unit 
121. 

The accumulation of the numbers from sources 
selected by OUt fields P, Q, and R has been com- 
pleted and the accumulated result has been en- 
tered in the unit selected by In field T. 

The trigger I6T (Pig. 78/) which was turned to 
produce signal T3 is reset by the next AP pulse 
and turns 19T for one AP pulse cycle. The turn- 
ing of I9T causes signal T.IC to appear. Since 
the U spot (Pig. 780) is not conditioned for an IC 
step, 1 8U is conditioned to respond to signal T.IC 
and to turn 23U. Signal Ul is produced and 
causes selected pilot unit 4 to produce the signal 
ES4 to Int, so that the number and sign which 
has been sent from selected relay storage unit 
151 into ES4 is now applied to the Internal buses. 
Also, the operational sign 1 is applied to the sign 
mixing circuit of the accumulator. A Pil.OC sig- 
nal is produced by pilot unit 4 and is followed by 
the signal Pil.OCC which causes conditioned 24U 
to produce signal TJ.OC which turns 21V. As 
2 (V turns, it produces the signal OP.OC which 
causes conditioned commutator ACCC to issue 
the signals ECC, RCC, and ACC-RI, as in Sec- 
tion 17, Item 17a. The number derived from se- 
lected storage unit 151, and now on the Internal 
buses is entered in registers EC (Pig. 70) and the 
sign of the number is entered in the sign mixing 
circuit to be mixed with the operational sign. 
Commutator ACCC then produces signal ACC- 
ST and an accumulator cycle ensues in which the 
true number or its complement is transferred 
from EC to RC depending on whether the mixed 
sign is + or — (see Section 13) . The cycle com- 
plete signal is given and causes ACCC to pro- 
duce signal OP.BS which, this time, resets 21V. 
Since the V spot is conditioned for an IC step, 
the return of 21V causes 5V to reset. Just as in 
Section 17, Item 26, the V IC step controls the 
transfer of the accumulated result to the denomi- 
national shift unit, the initiation of operations 75 
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of the shift unit, the transfer ctf ttie shifted re- 
sult to the selected electronic storage unit and 
the transmission of the result to the selected relay 
storage unit 122. 

The accumulation of three numbers has been 
described in this section. It is evident that five 
numbers may be accumulated in a commutator 
run by using fields P, Q, R, T and U as Out fields 
and V as the only In field. 

It should be noted that in the preceding run 
(Section 17), an accumulation called for by the 
S2Seq portion of the first real line of sequence 
was carried out. The accumulated result was 
transmitted to relay storage unit I SI . Now, in 
the present run, the accumulator unit was used 
to receive the number from relay storage unit 
t S I and to apply it with inverted sign to relay 
storage unit 122. The result now is in both relay 
storage units ISf and 122, with the result sign 
in one being opposite the sign in the other unit. 
Thus a single quantity in a unit may be put, by- 
several commutator runs, into a plurality of units 
and the sign of the quantity may be different in 
each receiving unit. 

When a quantity in one unit is to be transmit- 
ted, with or without column shifting, to a plu- 
rality of units and to stand with the same sign 
in each unit, a single commutator run may be 
used. The next section explains such run. 

17b. Inserting result into plurality of units in 
one run 

Suppose the following line of sequence to be 
in sequence storage to be acted on in the present 
run. 
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013 
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SHI 
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OP1 
01 



Vr SH2 OP2 S2 
6 015 5 01 02 

and in OP2 calls for 



Code number 01 in OP I 
accumulation without half correction and the 
number in OP2 also characterizes T as an In field, 
as in the preceding section. 

In the above line of sequence, P is the only Out 
field. The fields Q, R, T, U and V are In fields. 
The digit 7 in Qs not only characterizes Q as an 
In field but also calls for a denominational shift 
to the left of ten places, to be effected during the 
first half of the commutator run. The digit 5 
in Rs characterises field R as. an In field and also 
confirms the instruction given by Qs for perform- 
ing a shift to the left. The digit 6 in Us charac- 
terizes U as an In field and calls for a shift of 
ten places to the right to be effected during the 
second half of the commutator run. The digit 6 
in Vs designates V as in an In field and also calls 
for a shift to the right of ten places. The digit 
5 in SH2 calls for a shift of five places. The total 
shift to be effected during the second half of the 
commutator run is therefore fifteen places to the 
right. 

Briefly interpreted, the above line calls for a 
number from relay storage unit 010 to be trans- 
ferred, by way of the accumulator, to the denomi- 
national shift unit tc be shifted, during the first 
half of the run, ten places to the left and then 
same number transmitted to both the relay stor- 
age units 01 S and 0(2. During the second half 
of the run, the number in the denominational 
shift unit is to be shifted fifteen places to the 
right and then transmitted to; each, respectively 
of the relay storage units 013, 014 and 018. 
Only operations which are of particular con- 
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cern to an understanding of the present run will 
be described here in detail. 

The manner in which the pilot units are se- 
lected, and relay storage units are conditioned 
to send and receive quantities is described in 5 
preceding sections and need not be re-explained. 
The manner in which the commutator spots 
Q, R, T, U and V are conditioned for IC steps 
is also clear from Section 17, Items 9 and 14a 
and from Section 17a. 10 

The manner in which the denominational shift 
unit is conditioned for performing a shift to the 
left and the manner in which the shift amount 
of 10 is designated on the lines MN (Pig. 78a 
and Fig. 77a) are clear from Section 17, Item 11. 15 
The commutator ACC.C (Fig. 78A) is condi- 
tioned in the same way as described in the pre- 
ceding section. 

Just as In Section 17, Item 1 and 15b, the sig- 
nal OCO and the Forward signal combine to 20 
cause the selected pilot unit I to pilot the quantity 
from selected relay storage unit 010 into ESI. 

The OC step of the P spot (Fig. 78c) occurs 
and the signal PI acts as in Section 17, Item 
16b, to cause the quantity in ESI to be applied 25 
to the Internal buses. The Pil.OC signal is given 
and turns 21Q (Fig. 78d), as in Section 17, Item 
17a. This produces signal OP.OC to initiate op- 
eration of commutator ACC.C (Fig. 78A) for 
bringing the quantity on the Internal buses into 30 
the accumulator unit and causing the accumula- 
tor cycle to ensue. 

Briefly, the signal OP.OC causes conditioned 
10-ACC.C to conduct and turn 14, 18 and 22 
and to return 26 which has been left turned by 35 
a previous run of accumulator sequence (see, for 
instance, Section 17, Items 17a, 19 and 20) . The 
return of 14 effects reversal of 15 so that the 
signal RCC is produced. The turning of 18 
serves to produce the signal ECC. The turning 40 
of 22 causes the signal ACC-RI to be produced. 
The next AP pulse resets 18, turning 17. The 
following AP pulse returns 17 in order to reset 
22. Upon 22 being reset it turns 21. The next 
AP pulse resets 21 causing it to turn 25. Upon 4g 
25 being returned it produces the start signal 
ACC-ST. The signals RCC and ECC via 71/ 
and 7 1 e and 7 1 a cancel the registers RC and EC 
(Fig. 70) . The signal ACC-RI causes the quan- 
tity now on the Internal buses to be entered 50 
into registers EC. The signal ACC-ST initiates 
an accumulator cycle during which the num- 
ber is transferred from EC to RC. At the end of 
the accumulator cycle the signal CYCPT goes to 
ACC.C (Fig. 78A) and renders 28— 28a effective 55 
to operate at AP pulse time to restore 25, ending 
the signal ACC-ST. The return of 25 turns 26 
which causes 27 to turn and produce the sig- 
nal OP.BS. 

This signal via Figs. 78c and 78d returns 2IQ 60 
(Fig. 78d) so as to end the P OC step and 
initiate the Q IC step. Briefly, the return of 
2IQ causes 22 to turn for one AP pulse cycle. 
Upon return of 22 it restores 5 which causes 6 
to turn. The turning of 6 produces the signal 65 
OP.IC which renders conditioned 1 1 -ACC.C (Fig. 
78A) conductive to reverse 23. Reversed 23 cuts 
off 24. As tube 24a is still cut off under control 
of 26 turned by the signal CYCPT given during 
the P OC step, the couple 24 — 24a becomes effec- 70 
tive, to turn 30 so as to produce the signal R.ROC. 
Under control of this signal the accumulator 
unit functions to produce the signals ACC-RO 
and the Proceed signal. The quantity in the 
accumulator unit is now applied to the Internal 75 



buses. The proceed signal initiates the opera- 
tion of the counter 33, 34 and 35 in commutator 
ACC.C. When trigger 35-ACC.C turns it causes 
the signal OP.BS to be produced (see Section 17, 
Item 22). One AP pulse cycle later 35 returns 
and resets 14 and 30. The resetting of 30 ends 
the R.ROC signal. The resetting of 14 allows 
signal RCC to be produced when a next accumu- 
lating sequence is called for. The return of 14 
also has a special function in the present run, 
as will be made clear. 

The signal OP.BS which was produced when 
35-ACC.C turned is effective to restore 6Q, 
causing it to turn I IQ (Fig. 78d). 

Briefly, the turning of I IQ causes signal CSI 
to appear. This turns 2N and 3N in Fig. 78b. 
3N is returned by the next AP pulse and turns 
IN which is reset by the next AP pulse and re- 
stores 2N. When 2N is turned, it causes sig- 
nal SHRI to appear and enter the number, now 
being applied to the Internal buses under con- 
trol of signal ACC-RO, into the denominational 
shift unit. The signal SHRI also causes the 
sign of the number to be stored in 2M or 6M in 
Fig. 78a. 3N (Fig. 78b) was turned at the same 
time as 2N and cut off 1 4a. Tube 22N also is 
at cut-off and I4a-22N now functions to cause 
signal SHCL to appear. This signal resets that 
sign storage trigger 2M or 6M which is not being 
held turned under control of the conducting one 
of the tubes 3M and 7M. The signal SHCL also 
causes the instantaneous signal ACL to appear 
and reset those triggers ASH (Fig. 24) which are 
not being held turned under control of the con- 
ductive input tubes IT. Thus, the number and 
its sign have been read out of the accumulator, 
the number has been entered in the denomina- 
tional shift unit, and the sign has been stored 
in 6M or 2M (Fig. 78a). 

When 2N (Fig. 78b) returns, it ends signal 
SHRI. This allows 8a, Fig. 78a, to turn I3M 
for one AP pulse cycle, giving the signal SHS. 
The denominational shift unit now shifts the 
number ten places to the left, as instructed by 
the shift amount 10 in the descending counter 
(Fig. 27a) and by the left-shift status of 21, 
Fig. 27c. For each step of shift, the number in 
the descending counter is reduced by 1, as de- 
scribed in Section 12. In the present case, the 
descending counter is brought to zero status 
at the tenth and last step. Upon completion of 
the shift, signal SHCP is produced by the de- 
nominational shift unit. Under control of this 
signal, 9N (Fig. 78b) is turned to cause the signal 
CSRD to appear at AP pulse time. This signal 
turns 7N and I0M. Turned I0M produces sig- 
nals SHRD and SHRO, as described in Section 
17, Item 22. Signals SHRO and SHRD cause 
the shifted amount and its sign to be applied 
to the Internal buses. 7N is restored after one 
AP pulse cycle and causes 8N to turn for one 
AP pulse cycle. Turning of 8N produces the 
signal CSV which restores HQ, causing I5Q to 
turn, whereupon signal Q2 appears. The se- 
lected pilot unit 2 is controlled by this signal 
to produce signals Int to ES2 and ESC 2, so 
that the shifted number and its sign now on 
the Internal buses are applied to ES2, in a man- 
ner clear from Section 17, Item 23a. The sig- 
nal PilJC appears and is followed by signal 
PH.ICC which resets I5Q, causing ISQ to turn 
for one AP pulse cycle. As I6Q turns, it pro- 
duces signals Q3 and CSF. Signal CSF resets 
1 0M to end the signals SHRD and SHRO. Sig- 
nal Q3 causes selected pilot unit 2 to pilot the 
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quantity (including sign) from ES2 to selected 
relay storage unit Ml,, in a manner explained 
in Section 17, Item 24. 

In brief, the quantity from relay storage unit 
• (0 has been passed through the accumulator 
unit and then into the denominational shift unit 
where it has been shifted ten places to the left, 
after which the shif ted number and its sign were 
transmitted to relay storage unit Oil. 

Upon the return of I SQ, it turns I9Q for one 
AP pulse cycle. When 1 9Q turns, it causes posi- 
tive signal QIC to appear. This signal acts 
through 9R (Pig. 78e) to reset SR. Note that in 
the scanning sequence covered in Section 17, 5R 
was reset under control of the signal Q.OC (see 
Section 17, Item 20) . The return of 5R initiates 
the IC step of the R spot. 

It is seen that the R IC step is to occur in this 
ran, directly after the Q IC step. During the 
Q IC step a signal RROC was produced by ACC.C 
(Pig. 78A). This signal initiated operation of 
the accumulator unit to produce the signals 
ACC-RO and Proceed. "Under control of signal 
ACC-RO the number in the accumulator unit 
was read out to the Internal buses. The Proceed 
signal initiated operation of ACC.C to produce 
ttie signal OP.BS and to reset »4-ACC ; C. The 
signal ORBS initiated operations for producing 
fhe signals SHRI and SHCL followed by the sig- 
nal SBS. Accordingly, the number from the ac- 
cumulator unit which was being applied to the 
Internal buses under control of signal ACC-RO 
was en ter ed into the denominational shift unit 
sad the number was then shifted ten places to 
the left At the end of the shift the descending 
counter (Pig. 27a) was stepped back to 0. At 
completion of the shift the signal SHCF initiated 
operations far causing the shifted number to be 
Bead out of the shift unit, after which, it was 
transmitted to the selected relay storage unit Oi l . 
The Q IC step ended and the R IC step was 
initiated. It is desired in this run to transmit 
the same number from the accumulator unit, 
after it has been shifted ten places to the left, 
into relay storage unit 0 1 2 during the R IC step 
as well as into relay storage unit 01 ( during the 
QIC step. It is not possible, however, to follow 
the same procedure for shifting the number from 
the accumulator during the R IC step as was fol- 
lowed during the QIC step, and which procedure 
involves the clearing of the denominational shift 
unit, the entry of the number from the accumula- 
tor into the shift unit, and the performance by 
the shift unit of a shift of ten places as directed 
by the shift value 10 in the descending counter 
CPig. 27 ai. This procedure cannot be followed 
during the R IC step because the descending 
counter has descended to 0 status as a result of 
the shift effected during the Q IC step. There- 
fore, in the R IC step, when it follows the Q IC 
step, it is necessary to retain the previously shift- 
ed number in the denominational shift unit and 
to transmit this shifted number from the shift 
unit Into the receiving unit 00-1 2) selected by the 
subfleld Rr. In order to retain the same shifted 
number in the denominational shift unit, two 
things are necessary. One is the suppression of 
the shift unit cancel control signal SHCL, and 
the other is the suppression of the accumulator 
readout signal ACC-RO. If these two signals are 
not suppressed, then the previously shifted num- 
ber would be cancelled from the shift unit and 
the number from the accumulator unit would be 
entered in unshifted relation into the shift unit. 
Since the descending counter is now at 0, shift 
steps would not occur and the unshifted number 
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would be transmitted to the; unit (012) selected 
by subfleld Rr. If the signal SHCL were not sup- 
pressed and the signal ACC-RO were suppressed, 
then the shift unit would be cleared and a num- 
ber would not enter the shift unit. If the signal 
SHCL were, suppressed and the signal ACC-RO 
were not suppressed, then the number from the 
accumulator unit would enter the shift unit and 
mix with the shifted number to produce a hap- 
hazard number. It is seen, therefore, that both 
the cancel signal SHCL and the readout signal 
ACC-RO must be suppressed when the R IC step 
follows a Q IC step. 

The R IC step was initiated by the return of 
5R (Fig. 78e) . Upon the return of 5R, it turned 
6R, as a result of which the signal OP.IC is pro- 
duced. This signal causes 1 1 -ACC.C (Pig. 78A) 
to turn 23 which cuts off 24. The trigger 26 still 
is in turned status, having been set: in this status 
under control of the signal CYCPT, last given 
during the P OC step. Since a signal OP.OC has 
not followed, 25 has remained in turned state and 
has continued to cut off 24 a Previously, in the 
Q IC step, when 24 — 24a was cut off it produced 
the signal R.ROC. This signal caused the ac- 
cumulator unit to produce tdie signal ACC-RO. 
Under control of this signal the number in the 
accumulator unit was applied to the Internal 
buses. Also, concurrently with the signal 
ACC-RO, the signal Proceed was applied to 
ACC.C to initiate the operations for continuing 
the scanning sequence. For the reasons ex- 
plained above, it is desired during the R IC 
step to suppress the signal ACC-RQ. Accord- 
ingly, it is necessary to suppress the signal 
R.ROC. 

During the Q IC step the Proceed signal initiat- 
ed the operation of counter 83, 34 and 35, In 
ACC.C. This resulted in the return of M^ACC.C, 
as well as in the application of the signal OP.BS 
to the scanning spots of the commutator. With 
14 in its reset state it is maintaining 19a conduc- 
tive. Now, in the R IC step, 24— 24a has been 
completely cut off but as J9a is conductive, the 
common anode line of 19a, 24 and 24a does not 
rise in potential. Consequently, 30 does not turn, 
so that signals R.ROC, ACC-RO and Proceed 
are suppressed. 

It is seen then during the first IC step a signal 
OP.IC is effective to cause ACC.C to produce 
R.ROC. A Proceed signal then returns to ACC.C 
and causes 14 to return and a signal OP.BS to 
be issued for initiating the next scanning step. 
If this next step is also an IC step, then the signal 
OP.IC is next produced and has the effect of 
turning 23 but inasmuch as 14 has been reset, 
the signal R.ROC is not issued. 

With 14 now reset, it also cuts off 13. With 
23 now turned under control of the OP.IC signal, 
it also cuts off ISa. The couple IS— 13a is then 
effective to cause 9 to produce a negative signal 
SHNC, Also, couple II — i3<z causes 9a to act 
through the anode resistor of 35 to turn 33. The 
turning of 33 initiates the operation of the 
counter of 33, 34 and 35 in ACC.C. 'Thus, the 
action of couple 13— f3« in this instance substi- 
tutes for the Proceed signal in initiating the op- 
erations for continuing the scanning sequence. 
Upon the return of 35 it resets 23 but meanwhile 
the signal SHNC has been produced and cuts 
off 28ff (Pig. 78a). As 28s is cut off, it renders 
28 effective to turn trigger :24M. With 24 turned, 
the line 24m rises in potential and renders 22a, 
Pig. 78b, conductive. As a result, the couple 14a 
and m,a will be ineffective to cause 6 to conduct 
and produce the signal SHCL. 
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In the manner explained before, the trigger 
JS-ACC.C is turned two AP pulse cycles after the 
turning of 33, and acts through 3 la, and 7a and 
3 to produce the signal OP.BS. This signal now 
resets 6R (Pig. 78e) which thereupon reverses 
MR. The reversal of MR causes the reappear- 
ance of signal SHI which turns 2N and 3N in 
Pig. 78b. The turning of 2N causes signal SHRI 
to appear but inasmuch as a number and sign 



is necessary When R performs an OC step and 
T and IC step, as in Section 17a. The return of 
5P causes signal ACCL to appear and decondition 
ACC.C. - •■ ; 

The Ink signal is given, two AP pulse cycles 
after initiation of the Ink delay by FR, and 
causes entry of the new shift number 1 5 into the 
descending ciunter (Pig. 27a) and the placing 
of 21, Fig. 27c, in right-shift state (see Section 



have not been applied to the Internal buses, the io 17, Item 14b) . The Ink signal also reconditions 

denominational shift unit will not receive a new ACC.C (see Section 17, Item 14c) . 

number in response to the signal SHRI nor will When pilot unit 3 produced signal Int to ES3 

a new sign be applied to the storage" triggers for causing the left-shifted number and its sign 

tM and 6M in Fig. 78a. During the first IC step to enter ES3, the pilot unit also produced signal 

which followed an OC step the turning of 3N 15 PiLIC. This is followed by signal PU.ICC which 

was effective, by cutting off 14a, to cause the resets 1 5R, causing I6R to turn and produce sig- 

cancel signal SHCL to appear. This signal, if nals R3 and CSF. Signal CSF, via I la and 1 1 in 

allowed to appear during the second of two sue- Fig. 78a, resets I OM, ending the SHRD and SHRO 

cessive IC steps, would cancel the shifted number signals. The. negative pulse from 1 1 also resets 

in the denominational shift unit. For this reason 20 which was turned before to suppress cancel 

the trigger 24M (Fig. 78a) has been turned, signal SHCL. 

under control of the OP.IC signal produced at The turning of 1 6R also produces signal R3 

the start of the second IC step and thereby has which controls pilot unit 3 to send out' signal 

rendered 22a conductive to prevent the signal ES3 to In (see-Section 17, item 24), whereby the 

SHCL from being produced. Accordingly, the 25 quantity in ES3 is transmitted to relay storage 

number which has been shifted ten places to unit 012. 

the left during the Q IC step is left undisturbed m the first half of the run, a quantity from 

In the denominational shift unit during the R 010 was entered to the accumulator and trans- 



IC step. 



f erred therefrom to the denominational shift 



When 2N returns, signal SHRI ends and 8a, 30 unit, Where it was shifted ten places to the left. 



Pig. 78a, conducts and turns 1 3M, giving out the 
signal SHS. The latter signal initiates opera- 
tion of the denominational shift unit. Since 
the number in the descending counter has been 



The purpose of such shift, as is clear from Sec- 
tion 12 is to produce for transmission to storage 
a shifted number which results from dropping 
the ten left-hand digits of the original number. 



reduced to 0 in the Q IC step, the shift unit 33 Assume the original number has nineteen digits, 



immediately produces the signal SHCP. This 
signal causes 9N to turn and produce signal 
CSRD at AP pulse time. Signal CSRD causes 
IN and I0M to turn. Upon I0M turning, it pro- 
duces the readout signals SHRD and SHRO. 
The denominational shift unit now applies the 
shifted number to the Internal buses and the 
sign storage triggers 2M and 6M apply the sign 
of the number to the Internal bus columns 1. 



Trigger 7N is reset by the next AP pulse and 45 q ic a nd R IC steps. 



so its 19th place enters shift column 19 and its 
1st .place enters shift column 1. A shift of ten 
places to the left brings the 1st place digit into 
shift column II and the 18fh place digit into 
40 shift column 28, so that the 19th place digit is 
lost. The 9 right hand numbers of the orig- 
inal 19 digit number now in shift columns 19 
to 11 are then transmitted to columns 2 to 10 
of relay storage units Oil and 012 during the 



turns 8N for one AP pulse cycle. Upon the turn- 
ing of 8N, it produces signal CSV which resets 
I IR, causing I5R to turn and produce signal 
R2. The shifted number and its sign now on 
the Internal buses is entered under control of 
signal R2 into ES3. 

The turning of 1 5R also produces signal FR 
(see Section 17, Item 22) Signal PR ends the 
heating of the SHI, Q, and R shift code sequence 
storage circuits (Figs. 62 and 63) and of the OP I 
pyramid (Pig. 59) and initiates heating of the 
SH2, U and V shift code circuits and of the OP2 
pyramid. Accordingly, the shift value 10 on lines 
MN (Pigs. 78a and 27a) and the shift direction 
on line LT are removed and a new shift number 
and direction applied to these lines; also the code 
number 01 in OP2 is translated into a repeat 
issue of signal ACC Code. The new shift num- 
ber is 15, since the code number in SH2 is 5 and 
the number 6 is in Us and in Vs. The new shift 
direction is a direction to shift to the right since 
the number in Us and Vs is 6. Therefore, at 
this time, the lines MNI, 4 and 10 and the line 
RT are placed at increased potential for the 
second half of the sequence run. The signal FR 
also initiates operation of the Ink delay in Fig. 
78c. As 5P, in the Ink delay, turns, it cuts off 
3a. But 3 is now conductive, since signal T "in" 
is in effect, whereby signal HCR is suppressed. 
This is of no moment in this case, when the R 
and T spots perform IC steps in succession, but 



When the 18-place number in shift columns 28 
to 11 is later shifted 15 places to the right, the 
five right-hand digits are dropped, leaving 13 
digits standing in shift columns 1 to 13. This 
50 shortened number will be transmitted to relay 
storage units 013, 014 and 015 during the second 
half of the present program. 

Trigger I6R, Which turned to produce trans- 
mission Control signal R3, is reset by the next 
55 AP pulse and causes I9R to turn and produce 
signal R.IC, as in Section 17, Item 25. Since 
Spot T is conditioned for an IC step, signal R.IC 
causes ST to return. This starts the T IC step 
which is similar to the R IC step, except for the 
60 production of signal PR which is a part of the 
R step only. Briefly, upon return of 5T, trigger 
6T turns and applies signal OP.IC to ACC.C. As 
in the R.IC step, signals R.ROC and ACC-R6 
and Proceed are suppressed; 24M is turned to 
65 suppress signal SHCL; but signal OP.BS is pro- 
duced! The signal OP.BS resets 6T, causing I IT 
to turn. Signals CSI, SHRI and SHS are pro- 
duced. Signal SHCL is suppressed, because 24M 
is turned, and the shift unit is not cleared. Sig- 
70 nal SHRI has no effect because there is, no num r 
ber or sign now oh the Internal buses. Signal 
SHS starts operation of the denominational shift 
unit to effect the fifteen steps of shift to the right 
for which the shift unit now has been conditioned; 
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The completion of this ^sluft is, manifestedvby 
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which entsss stgn&ls tSSKD, SHED, 
: CSV to fbHow. Signals SHS4D and 
Onto «wty the newly shifted number atwf Jte 
stsn to the Internal buses. 

Signal CS-V resets I IT, causing t«T to turn and 
Uroctttee- signal T2. The number and sign en the 
Ottevnal fcusea now is entered in ES4. Hie at- 
taudurt signal PilClC esrases I OT to return and 
reeette I 6T- Signal T* occurs and the quantity 
tu tXM is transmitted to relay storage unit 01*. 

The SC steps of the U and V spots occur soc- 
msotvetf in the same fashion as the R IC step-de- 
scribed in this section except that HrlR signal 
is not pmtmed. Signal FR is a part of the R 
«tcp oMQr. T*e signal l*Chs produced a*, the end 
«ff the Tspe* and aoeompMshes tfte purposes! out- 
fir^ In the prewioneSe^i^ 17, and lTo. 

T7c. The tolerance check 
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The geneuai nature of the toJerance check was 
explained in Section 13. The tolerance check 
«rcttoa*ily serves for cheeking the accuracy of 
answer*, it does this, hr determining whether 
$** answers to a psobittm differ by more than a 
chosen tolerance, If the difference: between the 
aewwers is within the tolerance, it indicates the 
wnswe£s> ore saturate to a tfesired limit and eper- 
stfiton of thsniaehlneis; continued: Ef the answer 
flWterence is greater than, the tolerance, it; in- 
dicates that at least one of the answers is wrong, 
oad machine: openatlon is; interrupted. This an- 
swer tolerance checkhmilves.twos successive com- 
parisons, each made by the accumulator rant.. 
Bw first comparfsoo. llr between two answers to 
a problem and fe made by Gotatotng the difference 
fteeween the twa answers; The; answer difference 
hi thesr cleared out-of the aecramolator and stored 
•flsewftere;. Use second eompatlssn is between the 
answer difference? taken from storage, actd : ' a 
chosen posteiv* tolerance mmTber. For the sec- 
ond comparison, the absolute value of- the answer 
dttfexsace Sr subtracted: from the tolerance nmn- 
her. Tf ihe result sign? «f the second: comparison 
SiPOBittve, aProceed' slgnal is sent to ACCC (Wig. 
tUti to continue the scanning sequence. If the 
second comparison result sign, is negative, the 
Proceed signal is: Mocked and ! the scanning se- 
qnenee halted. Since the scanning sequence is 
hatted, one of* the conditions for a new commu- 
totorrun isnot established, so msjehme operatton 
is interrupted. 

Basically,, when- the accunro! ator unit is eoudU 
ttbned fbr a tolerance check: it allows- machine 
cammtton t» cetitinne 11 at the end of the check 
the sKcnnaJatox trait sonftaihx: a positive signs 
bat if the accumulator unit contains a negative 
■11^ ihenvjnicljine operations intemtptett On 
tthis taete,. toe: acaanulator unit, wheoi set< fox 
* tolerance check, may be used for other ptav 
peses- than verif ying; the accuracy of answers: to 
cedeuUatiosrs. in fact, the column check means 
mar be used for any purpose where a negative 
result to the? accumulator unit is to cause ma- 
chine operation; to be interrupted: while a positiwe 
result is to. alkrw operation to continue;. 

An illustrative line of sequence: ordering; an 
answer tolerance: check is given below: 
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in the above 1 line, it is assumed that relay 
storage units 4i« and- U7- contain two answers to 
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the same problem. The tolerance number isposi- 

tive and in dial storage unit #3, the code number 
for which is 603. The code number 02 in OPI 
calls for accumulation without half correction 
(see Section 17) . The code number 03 in OPi 
calls for a tolerance check. 

Briefly interpreted, the SISeq portion of the 
above line calls for the answer in relay storage 
unit 016 (Pr) to be sent via ES3 (Pb) to the 
accumulator unit to be acted on without a change 
in sign CPs is 2) ; for the answer in relay storage 
unit 131 (Qr'j to be brought via electronic stor- 
age unit ESU (Qo) to the accumulator unit to be 
subtracted (Qs is 1) from the answer previously 
entered in the accumulator unit: and for the 
difference between the two answers to be stored 
in electronic storage unit i (Re), The S2Seq 
portion of the above line calls for the tolerance 
number to be read owl af dial storage unit #3 
(Tr) and via, ES6 (T&> to the accumulator unit 
to be handled without a change of sign; for the 
answer difference to electronic storage unSt i 
CTJ63 to be sent to the accumulator unit to have 
its absolute value subtracted from the tolerance 
•25 number <rjj. is 3) ; and for the Proceed signal to 
be produced tVs is 4) if the tolerance check (GPZ 
is 03) finds the answer difference to be equal- to 
or less than the tolerance number. 

Assume that the above Bne of sequence is in 
the side of sequence storage which is heated in 
preparation for a run about to take place. In a 
manner clear from Section W, relay storage unit 
01 6 (Pr). applies its number and sign to Out bus- 
set 3 <P6) and a Forward signal to pilot unit 1. 
Also, the number and sign to 1 relay storage unit 
('3;7 CQrj are applied to Out bus-set I (Qbf and 
a. Forvvard : signal is applied to pflot unit 2. The 
T branch of the dial storage sequence storage 
pyramids selects relays DS-GfOS- of dial storage 
unit; # 3,, so that the toleranee number in this unit 
is applied to Out bus-set V <T&) and a Forward 
signal is applied by way of bus W of this set to 
pilot unit 6, as explained in Sections S and 11. 
The heating of the In code sequence storage cir- 
cuits (Fig. SI) caiiises the R and V branches to 
prepare for conditioning of the R and V commu- 
tator spots for IC steps. 

The OC-Out to ES trees (Fig. 54? are heated 
through zero; filtering (see Section 166, Items 15b 
and 39> . Since the suhflelds r of the F, Q, attd'T 
trees: are: not blank, the corresponding OC-Out 
to ES trees- produce; signals OC03, 2, and 6 to be 
misted with comniiutator signal OCO. The signal 
OCS in each of : these pilot units will be produced 
and will combine with Forward signals to pro^ 
duce entries from Out bus-sets into ESS, 2, and 6, 
as called for by fields P, Q, and T. When an 
Out field is blank in its subfield r but has a sig- 
nifeajat digs* to m sufefield the field calls f or 
anomber to he applied By the designated efec^- 
ttiaapicr s-tcrrage. unit to the 1 Internal buses. Such 
field does- not. call for entry via an Out bus-set 
into the designated electronic storage unit, and 
a Forward; signal wilt not fee applied to the cor- 
responding,' pilot; unit. If the OC-Out to- ES trees 
were mat heated' through zero 1 filtering, the tree 
corresponding to the Out field which is blank ih 
subfield r but has- a digit in suMeM &■ woultf pro- 
duce; a numbered tree signal OCO 1 to select a pilot 
unit,. The selecfaaf pilot unit would" respond to 
commutator signal OC© and its triggers ZS\ Fig. 
BW^ and 2-i,. Figv 8(te, wowia he- turned. Since this 
pilot unit wiJl not receiye a Forward signal, it. 
would remain jar. entry interlock condition ' in 
which 25, Fig. 80b, and It, JlR- ffl)^ are turned 5 
Accordingiy,, signal AE; would remain hlbcfted 5 by 
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the pilot unit. Also, with 21, Fig. 80a, turned, it 
would block production of the signals ES to Int 
and Pil.OC by the pilot unit. The instructions 
given by the program field would not be carried 
OUt and the scanning sequence would be inter- 
rupted. For these reasons, the OC-Out to ES 
trees are heated through zero filtering. An ex- 
ample of an Out field which is blank in subfield 
r but has a digit in subfield b in the field U of the 
(Present program. The U tree of the OC-Out to 
ES group will not be heated because the U zero 
filter circuit remains open when Ur is blank. Ac- 
cordingly, signal OCOI will not be produced and 
■signal OCO will not operate pilot unit I to place 
it in entry interlock condition. 

The IC Presense trees (Fig. 55) also are heated 
through zero filtering. This is to prevent an In 
field which is blank in subfield r but not in sub- 
field b from selecting a pilot unit to respond to 
presense signal NPR. If the designated pilot unit 
were allowed to respond to the presense signal, 
its; trigger 30, Fig. 80c, would turn and block the 
signal AT. This trigger may be reset only at 
the end of the transmission delay. But since sub- 
field r of the In field is blank, a Back signal will 
not be applied to the pilot unit named in the re- 
lated subfield b. Accordingly, even if trigger 30, 
Fig. 80c, were turned, the lack of a Back signal 
will prevent the pilot unit from producing the 
transmission signal, and trigger 30 would remain 
in- turned state, blocking signal AT. For this 
reason, the IC Presense trees are heated through 
zero filtering. In the present program, field R 
is an In field with a blank subfield r and with 
subfield b containing I. The R tree of the IC 
Presense group is not heated because the Rr zero 
filter is in open condition. Accordingly, signal 
PRESI will not be produced and pilot unit i will 
not respond to signal NPR. Trigger 39, Fig. 80c, 
of pilot unit I will not turn and block signal AT. 

The IC-ES to In trees (Fig. 56) also are heated 
through zero filters. If this were not done, the 
tree set according to the digit in subfield b of an 
In field would select a pilot unit for response to 
the "3" signal from the related scanning spot 
even if the In field were blank in its subfield r. 
As a result, the trigger 20, Fig. 80c, of the pilot 
unit would turn and produce the signal TR Ink. 
This would disable the pilot unit from piloting 
entry into the electronic storage unit either from 
the Out bus-set or from the Internal buses (see 
Sections 17 and 17a) in a next commutator run. 
Since this pilot unit will not produce its trans- 
mission signal ES to In, its trigger 20, Fig. 80c, 
would not be reset and signal TR Ink would re- 
main effective. The pilot unit will not produce a 
transmission signal if for no other reason than 
that it will not receive a Back signal. 
. In the present program, field R is an In field 
and its subfield r is blank but its subfield b con- 
tains digit 1. Since the zero filter for the sub- 
field Rr is open, the R tree of the IC-ES to In 
group will not be heated and signal ICRI will 
not be produced. Accordingly, pilot unit I will 
not respond to signal R3 and the trigger 20, Fig. 
80c, of this pilot unit will not turn to produce the 
signal TR Ink. 

The heating of the operational sign storage 
circuits (Fig. 60) prepares for the operational 
signs in the P, Q, T and U fields to be applied, 
at the P, Q, T and U steps of the scanning se- 
quence, to the accumulator unit. The heating 
of the OP I pyramid causes the signal ACC Code 
to be applied to ACC.C and prepares for the pro- 
duction of the signal HCS. 

The SCM signal initiates operation of the Ink 
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delay counter. One of the Initial functions of 
the Ink delay counter is the production of the 
signal HCR for resetting the half correction sup* 
pression storage trigger 5, Fig. 71a, and the tol- 
erance check trigger 22, Fig. 71a. The next func- 
tion of the Ink delay counter is to eause the 
signal ACCL to be applied to ACC.C for deconr 
ditioning it. The Ink signal subsequently occurs 
and completes the conditioning of the R and V 
spots for IC steps; also completes the condition- 
ing, of ACC.C; and times the production of the 
signal HCS for turning trigger 5, Fig. 71a, to its 
half correction suppression status. 

The OCO and PS signals are produced. The 
OCO signal causes the numbers and signs from 
relay storage units 016 and 137 and from dial 
storage unit #3 to be entered in ESS; 2 and 6, 
respectively. The PS signal initiates the scan- 
ning sequence. The PI signal is given and causes 
20 ESS to apply the number and sign from relay 
storage unit 016 to the Internal buses and also 
causes the + operational sign to be applied to 
the sign mixing circuit of the accumulator unit. 
The Pil.OC signal is produced and turns 2IQ 
25 causing signal OP.OC to initiate operation , of 
ACC.C to produce the signals RCC, ECC and 
ACC-RI. Accordingly, the number from relay 
storage unit 016 and its sign are entered in the 
accumulator. An accumulator cycle ensues and 
causes the entry of the number and sign into 
registers RC (Fig. 70). The complete signal 
CYCPT is applied to ACC.C which produces the 
signal OP .BS for resetting 2IQ. The Q I signal 
is given and causes the number and sign derived 
by ES2 from relay storage unit 137 to be applied 
to the Internal buses and also causes the — bp* 
erational sign to be applied to the accumulator 
sign mixing circuit. The Pil.OC signal again is 
given and causes S IR . to turn. This produces 
the signal OP.OC which initiates operation of 
ACC.C for causing the number derived from relay 
storage unit 137 to be subtracted in the- accumu- 
lator unit from number derived from relay stor?- 
age unit 016. The signal OP.BS then is produced 
and returns 2IR. Since the R spot has been 
conditioned for an IC step, it now produces the 
signal OP.IC. This signal causes ACC.C to pro? 
duce the signal R.ROC whereby the result' and 
sign are read out of the accumulator unit and 
a Proceed signal is returned to ACC.C. The Pro-? 
ceed signal initiates operation of ACC.C to reset 
trigger 14 and to produce a signal OP.BS. The 
signal QP.BS resets 6R, causing MR to turn. In 
a manner explained in Section 17 this initiates 
operations for sending the number from the ac- 
cumulator unit through the denominational shift 
unit and storing the sign of the number. At the 
completion of the shift, which in this case is 0, 
MR is reset and turns I5R. This produces the 
signal R2 in consequence of which, the result 
and its sign are entered in ESI. The signal 
PiLIC is given and returns I5R whereupon 1 6R 
turns and produces the signal R3. Inasmuch 
as the subfield Rr is blank, the signal R3 has no 
effect, for reasons explained before in this sec- 
tion; The difference between the two answers in 
relay storage units 01 6 and 137 is how in ESI. 

The FR signal was given upon the turning of 
I5R. Under control-of this signal the OP2 pyra- 
mid is -heated, and the operation of the Ink delay 
initiated. 

The heating of the OP2 pyramid causes re- 
duced potential to be applied to output line OP03. 
Referring to Fig. 77a, reduced potential on line 
75 OPOS cuts off 25 to render 26. 26a and 28 con- 
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ductive. "When 28 Is conductive it acts through 
30 and t4 to produce tiie signal ACC Code. When 
t&a is conductive, it produces reduced potential 
cm wire HCSw, causing 38 and 24 in Pig. 7Tb to 
produce the signal HCSS. When 28 In Fig. 72* 5 
is conductive it acts through Ma and 16 'to pro- 
duce the negative signal Tol.CKC. This signal 
eats off 32, Fig:. ISa. when the Ink signal js 
given .(about 2 AP palse cycles alter the heattos 
of the OP2 pyramid >, it cuts off S2a, Mg. ate, m 
causing 32— -J2e to act through 31 far produc- 
ing the signal Tol.CK. This signal goes to Fig. 
tiff and acts through 6 and 14 to turn the toler- 
ance check signal storing trigger 12, Fie. 71ff. 
With this trigger reversed the accumulator is is 
conditioned to perform a tolerance check, in the 
manner described in Section 13. 

The Ink signal also completes the recondition- 
ing of ACC.C, and times the signal iff Off. 

Etoltowing the termination of the signal S3, 20 
tine T spot performs its OC step. The signal Tl 
is .given and causes the tolerance number (Se- 
nsed from dial storage unit 3, to be applied by 
ESS to the Internal buses. The Tl signal also 
causes the + operational sign to be applied to 
the sign mixing circuit of the accumulator unit. 
The Pil.OC signal is given and turns 2IU caus- 
ing it to send out the signal OP.OC. This signal 
initiates operation of ACC.C to produce the sig- 
nals required for effecting the entry of the tol- so 
erance number, in a positive sense, into the re- 
sult registers RC of the accumulator unit. Upon 
cnmnletian of the accumulator cycle in which 
thte entry Is made, ACC.C produces the signal 
QPJ3S which returns 2 1 U. The U OC step starts 35 
and the signal Ul is given. Under control of this 
Signal, electronic storage unit I, which during 
to* R step received the answer difference, ap- 
plies the answer difference to the Internal busefi. 
Also., the absolute — operational sign is applied 40 
to the sign mixing circuit of the accumulator 
unit .since the code number in Us is S. The 
PiLOC signal is again produced and causes 2 IV 
to turn. This produces another signal iQP..OC 
under control of which the commutator ACC.C 4r> 
produces the signals FCC, ACC-RT and ACC-ST. 
These signals control the accumulator unit to re- 
ceive the answer difference from ESI and sub- 
tract It from the tolerance number previously 
entered in the accumulator during the T OC 
step. It should be noted that regardless of .the 
sign of the answer difference as it stands in elec- 
tronic storage unit I , its complement is trans- 
ferred from EC to RC of the accumulator unit. 
This is because the absolute — operational sign 
3 has been applied to the sign mixing circuit 
and therefore causes the accumulator unit to 
treat the number as a negative number regard- 
less of its original sign. In other words, the ab- 
solute value of the answer difference is subtracted 
from the positive tolerance number. 

If the absolute value of the answer dlHerenoe'ls 
less than or equal to the tolerance number, then 
the result is positive, but if the answer difference 
is greater than the tolerance number then the gg 
result will be negative. In a manner explained 
in Section 13, if the result of the tolerance cheek 
is positive then the Proceed signal win be pro- 
duced. On the other hand, if the result is neg- 
ative the Proceed signal will be suppressed. 7,0 

The spot V is conditioned for an IC step to 
order to test whether or not the Proceed signal 
is being blocked. At the end of the accumulator 
cycle in which the answer difference is subtracted 
from the tolerance check number, the cycle com- 75 
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plate CSOPT again operates on ACC.C to cause 
St, to produce the signal OP:BS. This signal 
now HCtasns- 1 IV. As a result :5 V is reset and 
6V 9s. turned. The turning of SV produces the 
signal OPJK. Cinder control of this signal. 
ACjCjC agwtfiesihe signal RJIQC to the accumu- 
lator unit. In a manner explained before in 
Section IS, the signal R.ROC initiates the sign 
test Briefly, St *he result sign is. positive then 
the taibe tia. Fig. 71g» remains at cut-off, and 
when the Proceed trigger t9. Fig. "Iff, turns, it 
is effective to produce the Proceed signal. On 
the other hand, if the sign test shows that the 
result sign is negative, a complement conversion 
cycfe ensues and tube f la. Fig. "71ff, becomes con- 
ductive under the combined control of the re- 
versed check trigger 12, Fig. Tiff, and the com- 
plement conversion cycle trigger H, Fig. 71?. 
With lie. Fig. 7 Iff, conductive the turning of 
the Proceed trigger is not effective to produce 
the signal Proceed. The readout signal ACC-RO 
is not interfered with, however, and the result 
and sign are applied to the Internal buses so 
that it may be transmitted to a receiving unit 
rf so desired. If the Proceed signal is given then 
it acts on ACC.C to cause it to produce the sig- 
nal 0P.BS and to restore i4-ACC:C. The sig- 
nal OP;BS this time restores 6 V causing I IV to 
turn. Upon the turning of I IV operations are 
initiated for routing the number now applied to 
the Internal buses by signal ACC-RO through 
the denominational shift unit. The ACC-RO 
signal lasts for three AP pulses and therefore 
the number is removed from the Internal buses 
after it has been entered into the denominational 
shift unit. Upon completion of the shift, which 
in this case is O, I IV is reset and causes 1W to 
turn. Inasmuch as the subfleld Vb is blank, the 
signal V2 has.no effect on any of the pilot units. 
The signal V2,, however, goes to the blank code 
pilot unit (Fig. 78L) and cuts off ITet-BC. At 
the time the signal SCM was given for starting 
the commutator run the pilot units selection trees 
were heated. The heating of the V branch of the 
IC-Int to ES trees (Fig. 58) has produced cut- 
off potential on the output line IVCO. Accord- 
ingly, the tube H-BC (Fig. 78L) has been cut off. 
Now, when the signal "V2 cuts off flo-BC, the 
couple tl — i la becomes effective through I Oo and 
2o to produce the signal Pil.IC Which renders 
tta, Fig. T8i, conductive., causing ItW to turn. 
This results in the production of the Signal 
PillCC just as when H W is turned under con- 
trol of the signal Pil.IC from the pilot units. 

The signal Ptl.ICC returns 15V causing 16V 
to turn and produce the signal V3 which has no 
effect 'because the subflelds Vb and Vr are blank. 
The signal VIC will be given, followed by the 
signal FC Which is a manifestation of comple- 
tion of the scanning sequence. 

If the result of the tolerance check is nega- 
tive then the turning of the Proceed trigger will 
not cause the signal Proceed to be produced. 
Hence, a signal OP.BS will not be sent out by 
ACC.C to cause the return of 6 V. Since 6V is 
not returned I IV is not turned and signal V8 is 
not produced. Consequently, the signal Pil.ICC 
wMl not be -produced and the operation of the 
spot V therefore stops. Accordingly, the FC sig- 
nal will not be produced and one of the condi- 
tions for starting the next commutator run has 
not been satisfied. It is seen then that the ma- 
chine <stops if the result of the tolerance check 
is negative. 

As stated before, the tolerance check may ne 
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used for other purposes than to check, accuracy 
of answers. For instance, it can be used to stop 
computations when a table of /(x) has been com- 
puted between the limits of +.001 and +.0075. 
To check the lower limit, a tolerance number 
—.001 may be used and each f(x) value added 
thereto. To check, the upper limit, the tolerance 
number +.0075 may be used and each fix) value 
subtracted therefrom. This check may be made 
after each computation of fix). A typical line 
of sequence for ordering the check is: 

J>* P6 Ft Qa Qb Qr Rj Eft Br SHI OP1 SI 



10 



T» 
2 



T6 
3 



012 

Tt 
011 



2 013 4 



2 



Uft 
2 



Vr 



V« 

4 



0 03 
Vft Vr SH2 OP2 



01 



The upper tolerance value of +.0075 is in re- 
lay storage unit 012 (Pr.) and the lower tolerance 
value is in relay storage unit 0 1 4 (Tr) . The value 
of fix) obtained by the last computation is in 
relay storage unit 013 (Qr). Since number 03 
is in fields OP i and OP2, the tolerance check 
jneans will be used in each half of the scanning 
sequence. The signal OCO will time the entry 
of the upper tolerance limit into ESI (PS), the 
value of fix) into ES2 (Qb), and the lower tol- 
erance limit into ES3 (To). The P OC step will 
cause the upper limit to be transferred from 
ESI to the accumulator and there will be no 
change in sign (Ps is 2) . During the Q OC step, 
the value of fix) will be taken from ES2 and en- 
tered into the accumulator, with a change in 
sign (Qs is 1). If the value of fix) is equal to 
or less than the upper tolerance limit, the result 
of the accumulation will be positive and a Pro- 
ceed signal will be given during the R IC step. 
In this case, the R IC step functions the same 
way as the V IC step to test the result of the 
tolerance check. If the Proceed signal is given, 
the result in the accumulator will be read out 
to the Internal buses and into the denomina- 
tional shift unit in the manner described for the 
first case In this section. The commutator 
ACC-C also will be conditioned to produce the 
RCC cancel signal in the second half of the se- 
quence run. It may be mentioned that the R2 
signal will mix with tree signal IRCO from trees 
IC-Int to ES (Pig. 58) in chassis BC (Fig. 78L) 
to produce the Pil.IC signal for allowing the first 
half of the scanning sequence to continue to 
completion if the Proceed signal has been given. 

Assuming as above, that the value of fix) is 
not greater than upper tolerance limit +.0075, 
the second half of the scanning sequence will 
be started. In the T OC step, the accumulator 
will be canceled and the lower tolerance limit 
will be transferred from ES3 to the accumulator, 
withqut being changed in sign. During the V OC 
step, the value of fix) will be transferred from 
ES2 to the accumulator and no change in sign 
will be made. It should be noted that the con- 
ditions for this U step are similar to the condi- 
tions for the U step in the line of sequence ex- 
plained before in this section, except that the 
absolute — operational sign is not used this 
time. 

If the value of fix) is not smaller than +.001, 
then the addition of this value to the lower 
tolerance number —.001 will produce a positive 
result. But if the fix) value is less than' +.001, 
its addition to the lower tolerance number —.001 
will give a negative result. For example, if fix) 
is +.0009, its addition to —.001 gives a negative 
result. During the V IC step, the result of the 
second check will be tested and a Proceed signal 
will be given if the value of fix) is hot less than 
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the lower limit +.001 of the table to be computed. 
The machine operations then will continue. 

H. in , the first half of the scanning sequence, 
the check result is negative, then the scanning 
sequence will stop after the signal R.ROC is 
given by ACC.C under control of the OP.IC signal 
from the R spot. In the absence of a Proceed 
signal, ACC.C will not produce the OP.BS signal 
for continuing the R IC step. If the Proceed 
signal is not given in the second half of the 
scanning sequence, the V IC step will be inter- 
rupted in the manner described before. 

In Section 17, a program for accumulation of a 
pair of numbers, in one instance without half 
correction and in the other instance with half 
correction was explained. 

In Section lift, a program for accumulating 
three numbers and utilizing the T field as an In 
field was explained. 

It is to be understood that the machine may 
be operated to accumulate directly any desired 
number of terms. Four terms selected by the 
P, Q, R, and T fields may be accumulated and 
their sum entered in a receiving unit selected by 
the TJ field. Five terms selected by the P, Q, R, 
T, and U fields of a line of sequence may be ac- 
cumulated and their sum entered in a unit 
selected by the V field. A single line of sequence 
thus, may call for successive accumulation of a 
maximum of five terms. If it is desired to ac- 
cumulate directly more than five terms, two or 
more lines of sequence must be used. In that 
case, the V field of the first line will be left blank, 
and the V spot will act as a skip field, as in Sec- 
tion 16b, to signal the end of the scanning 
sequence. With other conditions for a new com- 
mutator run having been met as well, the second 
line of sequence may then be run off and five 
more terms may be accumulated. If a total of 
ten terms is to be accumulated successively, then 
the V field in the second line of sequence will be 
an In field. Obviously, any number of terms may 
be accumulated successively and directly in this 
manner. 

18. The multiplication sequence 

One or two multiplications may be ordered by a 
line of sequence, each multiplication in one half 
the line. If the code number in the OP field is 
10, multiplication without half correction is 
ordered. If the code number is 15, multiplica- 
tion with half correction of the product is ordered. 
An example of SISeq data calling for multipli- 
cation without half correction of the product is 
given below: 



p# 

i- 



Pr 
017 



2 



Q4 

2 



Qr 
158 



Rf 
4 



Rfi 
3 



Rr 
139 



SHI 
0 



OP1 
10 



Simply interpreted, the above program calls, 
for a number from relay storage unit 017 (Pr) 
to be sent to ESI (Pb) and thence to the M-D 
unit (see Section 14) to serve as the multiplicand, 
and for the — operational sign (Ps) to be applied 
to the MC-DR sign mixing circuit (Fig. 65; ) ; for 
the number from storage unit l58(Qr) to be sent 
to ES2 (Qb) and from there to the M-D unit to 
serve as the multiplier, and for the + opera- 
tional sign to be applied to the MP-DD sign mix- 
ing circuit (Fig. 65j); for the product to be 
routed through the denominational shift unit 
without column shifting and to ES3 (Rb) and 
transmitted from there to relay storage unit 1 39, 
with the sign of the product being determined 
by the sign mixing circuits in Figs. 65?' and fc. 
The 61 code number as now understood selects 
the next SISeq data source. 
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Assume the above program has been entered 
in the side of sequence storage which is to be 
heated in preparation for the commutator run 
about to take place. The heating of the Out 
sequence storage circuits occurs under control 
of the last given signal STR (see Section 165, 
Item 36) . The heating of the In sequence storage 
circuits occurs under control of the last given sig- 
nal AT (see Section 16b, Item 37) . Between 10 
and 11 ms. after the STB signal, the heating sig- 
nal tor the pilot units selection trees (Figs. 54 to 
SB) is produced. This heating signal also con- 
trols the heating of the operational sign sequence 
storage circuits (Pig. 60) and of the in code 
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KY-^Code. The signal JffY~CSode cuts off (Pis. 
78MIK to the multiplying scatetfla-fcien conmnrta- 
tor MYC. 

The SCM signal occurs at the beginning of 
5 the commutator run and initiates the operation 
of the Ink delay counter to Fig. 78c Upon the 
taming of the first trigger SP of rOus counter it 
renders VP conductive to produce the negative ■ 
signalMDC. This signal outs off C3** cmeJSSm. 
10 The tube GB2 is still at cut-off because the in- 
ter lock line dTI is still at low potential Ac- 
cordingly, when the tube GS3 is out off, the 
couple G62 — G83 applies a positive pulse by way 
of a capacitor to a standard cancel circuit which 



sequence storage circuits (Pig. 61). The signal is is Tepresented in Pig, 65& by the tubes GRa, 
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SCM is given at this point and causes the heat 
ing signal to be produced for the OP I pyramid 
(fig. 59) and for the SHI, Q and R shift code 
sequence storage circuits (Pigs. 62 and 63) , 

In a manner clear from Sections 11 and 17, the 
heating of the Out sequence storage circuits 
causes the multiplicand in relay storage unit 017 
CPr) to be applied, along with a Forward signal, 
to Out bus-set I (P6) . Also, the multiplier factor 
is applied from relay storage unit 158 CQr) along 
with a Forward signal, to Out bus-set 2 (Qb). 
The heating of the In sequence storage circuits 
conditions the relay storage unit 139 (Rr) for 
receiving the product from Out bus-set 3 (Rb), 
aaS. a "Reset signal from pilot unit 3. Also, when 
Che relay storage unit has been conditioned to 
receive a value, 'it applies a Back signal to pilot 
unit s. 

The heating of the operational sign sequence 
storage circuits (Pig. 60) results in reduced po- 
tential being present on the output wires IP and 
2 r Q. Accordingly, tubes f and 7 in the OPSN 
section of Pig. 78L are cut off. 

The heating of the In code sequence storage 
cireuitej (Fig. 61) places reduced potential on 
the wire RIC, so the tube IT in Fig. 78b is cut off. 
The heating of the pilot units selection trees 
(Pigs. 64 to 58f) causes the P branches to produce 
the signals OCO I and Pbl for selecting pilot unit 
I to pilot the entry of the multiplicand into 
ESI from relay storage unit 017, and then the 
application of the multiplicand by ESI to the 
internal buses. The Q branches produce the 
similar signals OC02 and Qb2 for selecting pilot 
unit 2 to pilot the reception by ES2 of the multi- 
plier factor from relay storage unit 158 and then 
the application of the multiplier factor by ES2 
to the Internal buses. The R branches of the 
pilot units selection trees produce the signals 
PRES3, IRC3, and ICRS for selecting pilot unit 
3 to presense a transmission, and to pilot the 
product from the calculating unit (M-D in this 
case) into the denominational shift unit and 
from there to ES3 and thence to selected relay 
storage unit 139. 

The heating of the R branch of the shift code 
sequence storage circuit (Pig. 63) and the heat- 
ing of the SHI shift code sequence storage cir- 
cuit (Pig. 62) has no real effect in the present 
program because a shift is not called for by code 
number 4 in Rs and because SHI is blank. 

The heating of the OF! pyramid. (Pig. 59) 
causes reduced potential to be present on the 
output line OPIO. Referring to Pig. 77a, the re- 
duced potential on line OPIO cuts off I so as to 70 
render 2 and la conductive. The output of 2a 
is connected to the wire HCSw so that the 
signal HCSS will be produced and will cut off 30, 
Pig. 78a. With 2, Pig. 77a, conductive, It cuts off 
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GJ>1 and QB0. When G62« receives the positive 
impulse from G63 and G62, it becomes conduc- 
tive and cuts off GS0 so as to produce a rise to 
the cancel bias line — 100C which is the output 
line of the cancel circuit The — I00C line -f*om 
this cancel circuit resets the half correction sup- 
pression storage trigger G24 and also resets the 
triggers shown to Pig. 65a. 

Two AP pulse cycles after the SCM signal, the 
Irtk delay counter produces the Ink signal. The 
Ink Signal cuts off SOa^ Pig. 78a; tube 10 already 
has been cut off by the signal HCSS. Accord- 
ingly, the signal HCS is produced at this point 
and is effective to cut off G40 (Fig. 65b) where- 
upon G32 conducts and reverses G24 to store 
the half correction suppression signal '(see 1 ■■Sec- 
tion 14a). 

The Ink signal also cuts off 17a, Pig. 78b. 
Tube 1 7 already has been cut off by the tree 
signal RIC. Accordingly, trigger 18 is turned 
and the signal R "in" appears and ■conditions 
the R spot of the commutator for an IC step, as 
in Section 17, Item 14a. 

The ink signal also cuts off 8a, Pig. 78M. The 
tube .8 has already been cut off by the Signal 
MY-Code. When 8 was cut off it applied con- 
ditioning potential to 7. Now, when 8a fe cut 
off by the Ink signal It renders the conditioned 
tube 7 conductive, causing it to reverse II. The 
trigger ll-MYC may be called the gate of the 
multiplicand control commutator MYC. When 
I I is in reversed status, it is conditioning this 
commutator for operation. Reverse II main- 
tains 2 and 16 at cut-off. With 2 cut off, it main- 
tains 6 conditioned, and 5 conductive. Con- 
ductive 5 produces the negative signal M-PRE 
(see Fig. 65e) . This signal cuts off H28— H27 to 
Fig. 65e so as to cause the "up multiplier" plus 
my to be set at increased potential, as explained 
in Section 14a. The M-PRE signal also brings 
into operation the cancel means shown in Pig. 65e 
for resetting the control triggers of the internal 
commutator of the M-D -unit, except for the 
triggers shown to Pigs. 65a and b (see Section 
14a). 

The OCO commutator signal appears two AP 
pulse cycles after the signal SCM (see Section 17, 
Item 15a). This signal operates the selected 
pilot units I and 2 to produce their signals OCS. 
The latter Signals are effective to conjunction 
with Forward signals received by these pilot 
units to cause the pilot units to produce the 
signals for entering the multiplicand and multi- 
plier factors from relay storage units OfT and 
150 into electronic storage units ESI and ES2. 
respectively. 

Commutator signal PS, which in simultaneous 
with signal OCO, initiates the scanning sequence. 
The signal PI cuts off la-OPSN (Pig. 78L). The 



tf, .causing t to produce the negative signal 7fi- tube l-OPSN has been cut off by the tree signal 
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IP. Accordingly, the signal PI now is effective 
to render I — (a effective through 2, 4a and 4b 
to produce the — operational sign signal OPSNI. 
This signal is applied via the line Is in Pig. 65j 
to the MC/DR sign mixing circuits. 

The signal PI also mixes with the tree signal 
Pol to cause the selected pilot unit I to produce 
its signal OC Int (see Section 17, Item 16b). 
The pilot unit I produces the signal ESI to Int 
and the signal Pil.OC. The former signal causes 
the multiplicand to be applied by ESI to the 
Internal buses. The Pil.OC signal is followed by 
the signal Pil.OCC which occurs at AP pulse 
time and causes 2IQ to turn, whereupon the 
first, negative signal OP.OC appears and is in- 
serted by 29, Pig. 78c, to a positive signal OP.OC. 
This positive signal is effective now to render 
conditioned tube 6-MYC (Pig. 78M) conductive. 
As a result, trigger 10 is turned and causes 14 
to turn. Upon the turning of 14 it renders 9 
and IT conductive. Conductive 9 produces the 
signal MCC, while conductive IT produces the 
signal PQC. In a manner described in Section 
14a, signal MCC resets the register MC-DR (Pig. 
646) and the MC/DR sign mixer (Pig. 65?). 
Signal PQC resets the register PQ (Pig. 64fc). 
. The. next BP pulse following the turning of 14, 
Pig. 78M, is effective to return this trigger, thus 
ending the cancel signals MCC and PQC. Upon 
termination of signal MCC, the multiplicand 
operational sign enters the MC/DR sign mixer 
(Pig. 65j). Upon the return of the trigger 14, 
Pig. 78M, it turns 18. The following AP pulse 
returns 18, causing it to turn 15. Upon the turn- 
ing of IS it renders 13 conductive to produce the 
signal MC-RI. This signal causes the multipli- 
cand, now on the Internal buses, to be entered' 
in register MC-DR (see Section 14a). Also, the 
signal MC-RI causes the sign of the multiplicand 
to be entered into the sign mixing circuit MC/DR 
(Pig. 65?). 

The trigger 15, Pig. 78M, was turned at AP 
pulse time to produce the signal MC-RI. The 
next AP pulse resets 15, terminating the reading 
signal MC-RI. Upon the return of 15 it turns 
{9. This renders 20 conductive so that 16a is cut 
off. Tube 16 also is at cut-off since commutator 
MYC has been conditioned. Accordingly, when 
13a is.cut off, the couple 16 — 16a makes 12 con- 
duct and produce the first negative signal OP.BS. 
This signal acts through 2Ta and 32 in Fig. 78c to 
produce the negative signal OP.BS which goes 
to all of the triggers 21 of the scanning spots. 
The signal is effective this time to restore 21 Q. 
This terminates the P OC step and initiates the 
Q OC step. Since the P OC step has terminated, 
the signal ESI to Int also ends and the multi- 
plicand and its sign are removed from the Inter- 
nal buses; also the operational sign for the multi- 
plicand is removed. 

• When 2IQ returned, it caused 22Q to turn for 
one AP pulse cycle. Upon the return of 22Q, it 
turns 23Q to cause signal Q I to appear. Signal 
Q I cuts off 7a-OPSN (Fig. 78L) and since T also 
is cut off by the free signal 2Q, the + opera- 
tional sign signal OPSN2 is produced, as in Sec- 
tion 17, Item 19. This signal is applied to line 
2s in Pig. 65?. 

. Signal Ql also mixes with signal Qt>2 to cause - 
selected pilot unit 2 to produce its signal ES2 to 
Iht, as in Section 17, Item 19. Under control 
of this signal, the multiplier factor is applied 
by ES2 to the Internal buses. The Pil.OC signal 
again occurs and this time causes 2IR to turn 
and produce the second signal OP.OC. The sig-. 
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rial OP.OC makes 6-MYC (Pig. 78M) conduct. 
• The resulting negative pulse resets 19, ending 
the first OP.BS signal. Upon the return of 19, 
it turns 23, causing 21 to conduct and produce 
5 the negative signal MPC. The signal MPC resets 
the multiplier factor register MP (Pig. 64b) and 
the MP/DD sign mixer triggers (Fig. 65?), as 
described in Section 14a. The BP pulse following 
the. turning of 23, Fig. 78M, resets this trigger, 
10 ending the MPC signal. The operational sign 
signal is still effective after the termination of 
the signal MPC and now enters the operational: 
sign into the MP/DD sign mixer. Upon the 
return of 23, Fig. 78M, it turns 27, which is reset 
15 by the next AP pulse. When 27 is reset, it turns 
22, causing 25 to produce the signal MP-RI.. 
Under control of this signal, the multiplier f actor; 
now being applied by ES2 to the Internal buses, 
is entered in the register MP. Also; the signal 
20 MP-RI enters the sign of the multiplier into 
the MP/DD sign mixer. The signal MP-RI lasts 
for one AP pulse cycle since trigger 22-MYC was 
turned at AP pulse time and is reset by the next 
AP pulse. 

25 ; When 22-MYC is reset, it turns 31-MYC, mak- 
ing 20a conduct so as to cut off 16a,. Consequent- 
ly, a second signal OP-BS is produced which this 
time resets 2 IR (Fig. 78e) . This ends the Q OC 
step and initiates the R IC step. Upon termina- 
30 ;tion of theQ OC step, the signal Ql ends, where- 
by signal ES2 to Int also ends and the multiplier 
factor and its sign are removed from the Internal 
buses. The ending of signal Ql also ends the 
operational sign signal OPSN2 which was applied 
BP- to the MP/DD sign mixing circuit. 

When 2IR was reset by the second OP.BS> 
signal to end the Q OC step, it turned 22R for 
dhe AP pulse cycle. Since the R spoj is condi- , 
tioned for an IC step, 23R is blocked from turning 
40 and the signal Rl is suppressed, as explained 
in Section 17. The turning of 22R resets 5R 
which makes 6R turn. 

The R IC step was initiated upon the return 
of 2IR by the second OP.BS signal. This signal 
e . resulted from the turning of 3 l-MYC (Pig. 78M) . 
The trigger 31-MYC was turned when 22-MYC 
was reset at AP pulse time and ended the MP-RI. 
signal. The next AP pulse resets 31-MYC, which 
reverses 30-MYC. Reversed 30 makes 29 con- 
duct and produce the start signal MY-ST. This ; 
signal cuts off D3 la (Fig. 65/) , and thereby initi-, 
ates the multiplying computation, in the manner 
explained in Section 14a. 

Upon completion of multiplication, the internal 
commutator of the MD unit produces the signal 
R-CPLT (see Section 14a and Fig. 65ft) . This; 
signal cuts off 28, Fig. 78M. When 28a is cut 
off by the next occurring AP pulse, the couple 
28 — 28a makes 26 conduct and return 30, thus' 
ending the MY-ST signal. The return of 30 also 
turns 34 which causes 35 to turn. Turned 34 
makes 33 conduct and produce the negative read- 
out signal R.RO. Under control of this signal, 
tubes 8 and 9 in Fig. 65ft produce the positive sig-.. 
nal R.RO which causes the product to be read , 
out of the result register PQ onto the Internal, 
buses. The negative signal R.RO from the com- 
mutator MYC also operates via 36, Fig. 65ft, to 
cause the product sign to be read out. The nega- . 
tive signal R.RO also causes D42 (Fig. 65/) to be 
reset, all as explained in Section 14a. 

Trigger 35, Fig. 78M was turned at the AP pulse 
time at which the signal R.RO was initiated. The 
next AP pulse resets 35, causing it to turn 36 for 
75 one AP pulse cycle. Upon 36 turning, it makes 



30 



60 



05 



ro 



241 



24'conducti:andicut:ofE( l6a; Since t&ralsODlfca* 
cut-off, couple 16 — 16a now operates via 1 2; to 
produce the third :OP;BS signal. 

The third QP3S stgiMil resets 6B: (Fife: 78c) 
causing IIR to turn. Just as in Section: 17* 
the turning of IIR causes the number on the 
Internal buses to be entered in the denomina- 
tional shift unit; In the:present'casei .ttiis;nums- 
ber is a product being read out of PQ by. signal 
R.RO; The sign of the product is stored at this 
time by the trigger- 2M or 6M. in Fig; 78ai- (see 
Section 17, Item 21). After the product has 
been entered) in the : denominational shift unit, 
and its sign stored; the shift start signal SHS 
is given and causes the shift unit to shift.the 
product the desired: number of; steps* In the 
present program, the shift amount is 0, so the 
shift-complete signal SHCF is given at ohoe to 
indicate that shifting lis complete; This causes 
the signals SHED and SHRO to be produced, 
as in Section 17, Item 22. Under control of 
these signals, the product number is applied: by 
the shift unit to the Internal buses and. its 
stored sign is applied to column 1 of the In- 
tcrriEil buses 

When 3*-MYC (Pig. 78M) was turned (at 
AP pulse time) , it produces the third OP.BS 
signal which caused: IIR to tum and initiate 
the SHRI and SHCL" signals for entering the 
product: into the shift 1 unit. The entry signal 
SHRI lasted for two AP pulse cycles. Trigger 
36-MYC was turned for one AP pulse cycle and 
upon its return; it turned 32 for one AP pulse 
cycle. When 32 returned, it restored 34, thefeby 
ending the readout signal R.RO, at the same 
time as the entry signal SHRI ended. Also; 
it should be noted that the signal R.RO occured 
upon the turning of 34 one AP pulse cycle be- 
fore 38 turned to ; initiate the operations leading 
to the ' entry signal : SHRI and the concurrent 
cancel signal SHCL. This is sufficient time for 
cross-talk to be ■ dissipated before entry can-be 
effected: 

When 32, Fig. 78M, returned to end the signal 
R.RO, it also returned triggers IB and II , The 
return of 1 1 deconditions commutator MYC. 
The return of 10 enables the commutator, when 
next reconditioned, again to produce the signals 
MCC and PQC when called for by the OP.OG 
signal. 

One AP pulse cycle after the shift unit and 
sign storing triggers have been controlled by 
the readout signals SHRD and SHRO to apply 
the product and its sign to the Internal buses, 
the signal CSV is produced, as in Section 17, 
Item 22, and returns I IR which causes I5R to 
turn. Operations such as described in Section 
17 occur for causing the product and sign to 
be entered in ES3 and transmitted to selected 
relay storage Unit. 13 9v 

If the code number in the OP field is 15, then 
multiplication and: half correction Of product 
is called for. The tree signal OP 1 5 will cut 
off 13, Fig. 77a, causing 12 and 6 to produce 
the signal MY-Code. The signal HCSS will not 
be produced. Accordingly, half correction of 
the product will follow the: completion of' the 
multiplying computation, after which the com- 
plete signal R-CPLT will be given (see Sec- 
tion 14). 

19. The Dividing Sequence 
A dividing sequence may be ordered by a half 
line of sequence. The code number 29 in the 
OP field calls tor dividing without half cor- 
rection. The code number 25. in the OP field 
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Call* for divtsion. with half correction of the 
quotient'. A- sample:; haJfi line of: sequence for 
a dividing' calculation without half correction 
is: 

T» Tb Tf- Us- TJ6- ITr Vj - V6 ■ Vr SH2 OP2 82- 
2 V Ml'- H 2! Hi i<- it 136 9 : 20 02 

Briefly, this program instructs the machine 
to~ take, the divisor from relay storage: unit 
TS itTf) and direct it via ESi (To) to the M-D 
unit (Section 14) ; to take the dividend from 
relay storage unit" 1 42"(Ur) and bring it through 
ES2 to the M-D unit; to pass the quotient to the 
denominational shift unit, . where it shall be 
shifted nine places tb the; right (Vs is 4 ahd 
SH2 : is 9) , and tb". transmit the shifted quotient 
to ES3(Vo) and thence to relay storage unit 
l3ff(Vr). 

Assume the program is in the heated side of 
sequence storage and the SCM signal has been 
given. This signal initiates the operation of the 
Ink delay counter. (Fig. 78c): tb produce the Ink 
signal. The Ink: signal conditions the V spot 
for an Id step, as in Section 17, Item 14b. 
The OCO and PS signals occur, as in Section 17, 
Item 15 a. The OCO Signal operates selected 
pilot units I and 2, assuming they have received 
Forward Signals, to pilotthe divisor and dividend 
into ESI and ES2. The PS signal initiates the 
scanning sequence.. Towards the end of the 
first half Of. the scanning sequence, the signal 
FR is produced and initiates operation of the 
Ink delay to produce the second Ink signal. The 
PR signal also causes the. heating., signal for 
the OP2 pyramid and of the shift sequence stor- 
age- circuits SH2; U and: V' tti, appear. The 
shift amount of 9 is applied to lines. MN. (Figs. 78d 
and.27aT and'the right-shift direction is applied 
to line RT (Fig. 78a)., The shift amount also is 
afcplied to lines MMN (Fig. 65a) for the purposes 
explained' ih Section. 14b'. Two AP pulse cycles 
later, the ink. signal causes the shift amount 
to enter the descending counter (Fig. 27a) and 
sets trigger. 21; Fig. 2.7c, . in, fight-shift status. 
Upon the heating of the OP2 pyramid, the line 
OP20 is. reduced in potential and cuts off 25, 
Fig, 77b', causing 28 and 26a to conduct. As 26a 
conducts, the signal HCSS is produced to com- 
bine with later signal Ink in producing the half 
correction suppression signal. When 2S con- 
ducts, it acts via 30a and 36 to produce signal 
Div. COde. This signal acts through 3-DVC 
(Fig. 78D) to condition T. The later Ink signal 
cuts, off 3d to render 7 conductive. This causes 
gate trigger 1 1 of the commutator DVC to turn. 
With II turned, it maintains 2 and IS non- 
conductive. N6n-cohductive. 2' conditions 6 and 
also serves via 5 to produce the sustained, pre- 
sence signal D-KRE which is-, applied, ta H2 3, and 
S27a ir. Fig. 65"e for causing the "up divide: Bus" 
to be Placed', at. increased potential (see Section 
14&), and: for. initiating operation of the MDC 
cancel. circuit. 

During the T OC step,, the signal Tl is given 
and' or^fates-selecteri:&iibt unit . I to. produce the 
signal ESI to hit, so that the divisor is applied 
to) the? Internal! buses; The Pil.OC signal oc- 
curs and is followed by the signal Pil.OCC which 
causes- conditioned' 2 4T to turn 21 U. This pro- 
duces- the first' OF;OC Signal in the second half 
of the- scanning sequence. 

This first Signal GP.O& eauses conditioned 6, 
Mgs; 780, to turn Iff which turns 14. Turned 
'•* makes : 9 Cdndiiet to produce signal DRC. 
Tins signal;(&usesitheir^ (Fig: 64 b) 

tin bee reset (seee Section 146);.. The next BP 
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pulse resets 14, Fig. 78D, ending the signal DRC 
and turning 18. The next AP pulse resets 18, 
which turns 15. Turned 15 acts through 13 to 
produce signal DR-RI. This causes the divisor 
now on the Internal buses to enter register 5 
MC-DR. Trigger 15 is reset by the next AP 
pulse, ending the signal DR-RI and turning 19. 
Thereupon 20 is made to conduct and cut off 16a. 
As 16 is cut off when commutator DVC is con- 
ditioned, the couple 16 — 16a now acts through 10 
12 to produce the signal OP.BS. This resets 
2IU, ending the T OC step, whereupon the di- 
visor is removed from the Internal buses. The 
return of 2IU also initiates the U OC step dur- 
ing which signal Ul is produced. Signal Ul is 
operates selected pilot unit 2 to cause ES2 to 
apply the dividend to the Internal buses. Also, 
a signal Pil.OC is produced and causes 21V to 
turn, whereupon a signal OP.OC appears and 
acts via 6, Fig. 78D, to return 19-DVC. Upon 20 
the return of 19, it turns 23 which makes 21 con- 
duct and produce the signal DDC. This signal 
cancels the register PQ (Fig. 64ft) , as explained 
in Section 14b. Trigger 23 is reset by the next 
BP pulse, ending signal DDC and reversing 27. 25 
The next AP pulse resets 27, causing it to turn 
22, whereupon 25 produces the signal DD — RI, so 
that the dividend now on the Internal buses is 
entered in the dividend orders 5 to 18 of the reg- 
ister PQ (see Fig. 66A). The next AP pulse 30 
returns 22, Fig. 78D, ending the signal DD-RI 
and also turning 31. Turned 31 renders 20a 
conductive to cut off 16a, whereupon the signal 
OP.BS is given and returns 21V. Since the V 
spot is conditioned for an IC step, the signal 35 
OP.BS resets 5V, which turns 6V. 

One AP pulse cycle later, 31, Fig. 78D, is re- 
set and turns 30, causing 29 to produce signal 
DV — ST which initiates the dividing computa- 
tion (see Section 14b). At the end of the di- 40 
viding computation, the MD unit applies the sig- 
nal R-CPLT to the commutator DVC (Fig. 78D) . 
The signal cuts off 28. At the first effective AP 
pulse, 28a is cut off and 28 — 28a is then effective 
via 26 to return 30. 45 

Upon the return of 30, signal DV-ST termi- 
nates and, also, 34 turns. Upon 34 turning, it 
makes 33 conduct and produce the signal R.RO 
which causes the quotient to be read out from 
PQ to the Internal buses. 50 

When 34 turned, it reversed 35. The next AP 
pulse resets 35, causing it to turn 36. The fol- 
lowing AP pulse resets 36, causing 32 to turn for 
one AP pulse cycle. Upon the return of 32, it 
resets 34, ending the R.RO signal, and also re- 55 
sets 10 and II, restoring commutator DVC to 
initial, deconditioned status. 

When 36-DVC was turned, it made 24 con- 
duct, cutting off 16a, so that the signal OP.BS 
was produced. In the manner explained in Sec- 60 
tion 17, this signal now resets 6V and the V IC 
step continues. During the continuation of this 
step, the quotient is shifted by the denomina- 
tional shift unit 9 places to the right and trans- 
mitted via ES3 to relay storage unit 136. 65 

20. Operations relating to the table look-up 

The table look-up apparatus was described 
briefly in Section 10. Portions of the circuits 
for reading a computed argument into the ap- 70 
paratus and for reading out selected functional 
values from the apparatus were also described 
in Section 10 with reference to Fig. 35. In Sec- 
tion 11, the selection of table look-up Group Ins 
and Outs and of Table Ins and Outs were de- 75 



scribed with reference to Figs. 47b, 47c, 51, and 
52a. 

Fig. 35a is a block diagram indicating rela- 
tionship between elements of the table look-up 
apparatus. As mentioned in Section 10, the 
table look-up operation is initiated by the ener- 
gization of relay Rll (Fig. 35). Under control 
of this relay and in a manner described in ap- 
plication Serial No. 768,600 of Hamilton et al, 
filed August 14, 1947, the computed argument 
storage means CA (Fig. 35a) is reset. Also, un- 
der control of and after the energization of re- 
lay Rll, the relays R40, and R4I (Fig. 35a) are 
deenergized. When the table look-up operation 
is completed, these relays again are energized 
and remain energized until another table look- 
up operation is initiated. After computed ar- 
gument storage CA has been reset under control 
of Rll, the computed argument enters therein 
under control of temporary computed argument 
storage TCA (also see Fig. 35). The computed 
argument is compared with station arguments 
by station comparison units which are arranged 
in accordance with the arrangement of stations 
in the various tables I to 6. This comparison 
selects one of the stations, in the selected table, 
from which the computed argument is to select 
a tape argument. This selection is effected by 
the energization of one of the station selector 
relays !SS to 36SS. The selected station relay 
controls circuits to bring into operation the 
clutch drives for the selected argument station 
and companion functional value tape stations. 
Further, the selected station relay operates 
means for closing contact points between sens- 
ing elements of the selected argument station 
and an intrastation selection comparing means. 
The intrastation selection comparing means 
compares the computed argument with tape ar- 
guments on the selected argument tape. This 
comparison selects a tape argument and its com- 
panion functional values. After this selection 
is checked, the relays R40 and R4 f are energized. 

The selected functional values are now in sens- 
ing positions and may be read out as called for by 
the program. The selected station relay in con- 
junction with a selected Table Out relay and in 
accordance with plugging, causes energization 
of one or two of the relays ISS to 36SS and IBSS 
to 36BSS, one of the selected relays being a BSS 
and the other an ASS relay. The selected sta- 
tion relays close points in the readout circuits 
for the selected functional values, as described in 
Section 10 (also see Fig. 35) . 

The functional values selected to be read out 
are routed into Out bus-sets and thence, in the 
same way as other values, into electronic storage. 
The entries into electronic storage are piloted by 
the pilot units, in the manner described in pre- 
vious sections. Before a pilot unit can produce 
a signal for timing entry into electronic storage 
from an Out bus-set, the pilot unit must receive 
a Forward signal from the source of the value 
to be entered. In the case of the table look-up 
apparatus the Forward signal is not to be given 
until and unless a tape argument and its com- 
panion functional values have been selected and 
are ready to be read out. This selection is mani- 
fested by the energization of relays R40 and R4I. 
When relay R40 is energized, it opens its points 
c (Fig. 35b) to break the circuits of any of the 
relays TOC which may have been previously 
established during a table look-up operation. As 
a result of the deenergization of the relay TOC, 
its points a (Fig. 47c) close so as to permit the 
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sequence storage circuits to be selectively estab- 
lished, in accordance with the program, through 
the^ corresponding one of the table Out relays 
I TO to 6TO. The energized relay TO closes its 
contacts- 81 a -and b (Fig. 35b) which are points 
of the Forward signal circuit for the table look- 
up apparatus. Other points in this circuit are 
contacts of the selected station relays I ASS to 
36 ASS and IBSS to 3GBSS. Still other points 
of the Forward signal circuits are contacts 8 1 of 
the table look-up group Out relays TLU-GOI to 
8. The plugging will be made between sockets 
ROG8I and sockets ROB I a and 81b in accord- 
ance with which of the station readout relays are 
to be-used for reading out functional values. As-^ 
sume, for instanee, that readout relay (ASS is 
to be energized when a certain functional value 
in table I has been found. Upon energization 
of table out relay I TO and a selected table look- 
up group Out, for instanee, table look-up group 
Out I, a Forward signal 'path will be closed from 
the +150 v. line via a point 8 1 of I ASS and point 
81a of STO; plugging between R08 la and ROG8I 
associated with contact S! of TLU-GOI, and via 
the latter contact to bus 81 of Out bus-set I. 

The computed argument will be transmitted 
to the table look-up apparatus from electronic 
storage under control of a transmission signal 
ES- to In produced by a pilot unit. One of the 
conditions for a pilot unit to produce a trans- 
mission signal is that the pilot unit first receive 
a Back signal from the unit which is to receive 
the transmitted value. If the table look-up ap- 
paratus is selected to receive a value, then it will 
function to produce a Back signal if the appa- 
ratus is not in the process of looking up a value. 
If the apparatus has completed the process of 
looking up desired values in accordance with a 
selection by computed argument, then relays R48 
and R4 1 are energized. The relay R4 1 then 
closes its contacts bs (Fig. 35b). The selected 
table look-up relay also closes its points 81, and 
a Back signal path is then established from the 
-j- 150 v. line through the contacts bs of R4I and 
the contacts 81 of the selected relay TLU-GI1 
to 8, to the bus 81 of the corresponding In 
bus-set. 

A program for a table look-up operation is given 
below: 



Vt Pft Pr Qs Qb Qr 
2 1 127 4 1 281 



Rb Rr SHI QP1 SI 
02 01 



The P field calls for a computed argument to 
be read out of relay storage unit (27, via Out 
bus-set I , to electronic storage unit ESI . The Q 
field is an In field since 4 stands in Qs. The In 
field Q calls for the computed argument which 
has been entered in ES I to be transmitted there- 
from to the table look-up apparatus, since the 
code number 281 in Qr represents table I of the 
table look-up apparatus. This means that the 
table look-up gang relay ITL will be energized. 
Since- Qb contains I, table look-up Group In gang 
relay TLU-GII will be energized, in the manner 
explaihed in Section 11. 

The energized relay TL closes its contacts & 
(Fig. 35b) so as to establish the circuit of the 
pickup coil p of the corresponding relay TOC. 
The circuit of the hold coil ft of the relay is es- 
tablished via the stick contacts b and the nor- 
mally closed contacts c of R40. 

The code number 02 in OP I calls for the con- 
ditioning of the accumulator control commuta- 
tor. ACC.C. (Fig. 78A), in the manner explained 
in, Section 17. During the commutator run for 



interpreting the above, program, the signal OCO 
acts . in conjunction with; a Forward .signal from 
electronic storage unit; l27to cause pilot unit I 
to produce the signal Out to ESI for entering 

5 the computed argument into ESI. The signal 
PS starts the scanning -sequence. The PI signal 
is.- given and controls pilot unit I to produce the 
signal ESI to Int, whereby ESI applies the com- 
puted arugment to the Internal buses. As this 

10 occurs, pilot unit I produces the Pi I OC signal 
which causes 2IQ (Fig. 78ei) to turn. Conse- 
quently, the signal OP.OC is produced and oper- 
ates on conditioned ACC.C to cause it to produce 
the signals RCC, ECC and ACC-RI, . The com- 

15! puted argument now on the Internal buses is 
entered. in registers . EC of . the accumulator. An 
accumulator cycle ensues and the computed argu- 
ment is transferred to registers RC of the accu- 
mulator unit. At completion of the accumulator 

20 cycle, the signal CYCPT operates on ACC.C to 
cause it to produce the signal OP.BS. This sig- 
nal resets 2IQ (Fig.: 78d), causing 22Q to turn 
for one AP pulse cycle. Since Q is an In field, 
the Q spot has been conditioned for an IC step 

25 in a manner explained in Section 17b. Accord- 
ingly, 2 3Q is prevented from turning when 22Q 
returns. Instead, the return of 22Q restores 5Q 
which thereupon turns 6Q. When 6Q turns it 
produces the signal OP .IC which operates on 

30 ACC.C to cause it to produce the signal R.ROC. 
Accordingly, the signals ACC-RO and Proceed 
are produced. Signal ACC-RO causes the ac^ 
cumulator unit to apply the computed argument, 
entered during the P OC step to the Internal 

35 buses; Proceed signal acts on ACC.C to cause 
it to produce another signal OP.BS. This signal 
now restores 6Q which results in the turning of 
I IQ. In the manner described in the preceding 
Sections 17, 17c and 17b, the turning of trigger 

40 I ! of a scanning spot of the commutator initiates 
the operation cf the denominational shift unit 
to receive the number on the Internal buses, 
while the sign of the number is stored in 2M or 
6M;(Fig. 78a). The denominational shift unit 

45 proceeds to shift the number the selected amount, 
and at the end of this shift the complete signal 
SHCP is returned to the main commutator and 
causes it to produce the signals SHRD and SHRO 
for reading out the shifted number and its sign 

50 to the Internal buses. One AP pulse cycle later 
the signal CSV is produced which returns HQ, 
causing ISQtoturn. This results in the produc- 
tion of signal Q2 which controls selected pilot 
unit I to pilot the computed argument and its 

55; sign, now applied to the Internal buses by the 
denominational shift unit and sign storage trig- 
gers, into ESI. As this is done, the pilot unit 
produces the signal Pil.IC which causes I5Q 
to return. Upon the return of 1 5Q it turns I6Q 

60 for one AP pulse cycle. When I6Q is in turned 
position, it produces the signal Q3. This signal 
is one of the conditions for the initiation of 
transmission from selected electronic storage unit 
ES I , as may be understood f rom Section 17 . An- 

65 ; other condition is the Presense signal NPR. A 
third condition is the Back signal from the se- 
lected : receiving unit, which in this case is the 
table look-up apparatus. This Back signal is 
produced in the manner explained before in this 

70 section (see Fig. 35b). Since pilot unit I has 
been selected, the Back signal will be applied to 
this pilot unit. The Back signal, acting in con- 
junction with the Presense signal NPR, causes 
the pilot unit; to produce the Reset signal in the 

75 manner described in Section 17. The Reset sig- 
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nal In this case is applied by bus 82 of In bus- 
set I to the now closed points 82 (Fig. 35) of 
TLXJ-GII and thence via the points a of R40 
(energized since a table look-up operation has 
not yet been initiated) , and from there through 
the pickup coil p of relay Rl I to the +150 v. line. 
Upon energization of coil p of Rl I, it closes its 
contacts a so as to shunt out the contacts R40o. 
Under control of relay Rl I, when energized, re- 



code number in the subfields r of these fields is 
between 200 and 399, the Qb, Rb, Tb, and Ub 
trees in the table look-up Group Out pyramids 
(Pig. 47b and Section 11) are heated. As the 
Qb, Rb, Tb, and Ub trees are respectively set at 
I, 2, 3, and 4, the table look-up gang relays 
TLU-GO 1,2,3, and 4 are energized. 

Forward signals are then applied from the 
+150 v. line in Fig. 35b, via contacts 81 of the 



lays R40 and R4I (Fig. 35a) are deenergized, as 10 selected ASS relay and the selected BSS relay 



previously stated. 

Assuming that the Back signal, the Presense 
signal and the Q3 signal all have been produced, 
the selected pilot unit I produces the signal ES I 



to the contacts 81a and b of relay I TO , thence 
via the plugging from sockets R08la and b asso- 
ciated with the latter contacts to sockets ROG8 1 
associated with contacts 81 of TLU-GO I, 2, 3, 



to In which causes electronic storage unit I to 15 and 4. The circuits continue in parallel via the 



apply the computed argument and sign to In 
bus-set I. The computed argument is trans- 
mitted via this In bus-set to the contacts of 
TLU-GII (Fig. 35) plug sockets BP and I TP, 



latter contacts to buses 81 of Out bus-sets 1,2, 
3, and 4, whereby Forward signals are applied 
to pilot units 1,2,3, and 4. 
The energization of the selected table look-up 



and contacts of ITL to temporary computed 20 relays ITO and TLU-GO I, 2, 3, and 4, as well as 

argument storage, as explained in Section 10. of the ASS and BSS pair of relays causes the 

The table look-up operation then occurs in the four functional values from two selected tapes 

manner previously explained. At the end of this in the table look-up means to be applied to Out 

table look-up operation the relays R4B and R4I bus-sets I, 2, 3, and 4. The readout plugging, 

are deenergized and functional values, selected 25 for this example, may be from, say, sockets 3 

in accordance with the computed argument, are to 48 of group I A (Fig. 35) to sockets 3 to 40 of 



positioned at reading positions of the selected 
tape stations. 
During the process of looking up the desired 



ROGI, from sockets 43 to 80 of group I A to sock- 
ets 3 to 40 or ROG2, from sockets 3 to 40 of 
group IB to hubs 3 to 40 of ROG3, and from hubs 



values under control of a computed argument, 30 43 to 80 of IB to hubs 3 to 40 of ROG4. In this 



other computations may be and are as a rule per- 
formed in accordance with instructions given by 
lines of sequence following the line which in- 
cludes the program such as given above for di- 
recting a table look-up operation to be performed. 35 
After a variable, desired number of lines of 
sequence have been interpreted, following the 
line which called for a table look-up operation, 
another line of sequence is used to direct the 



way, four nine-place numbers and their signs may 
be read out from two selected functional value 
stations in the table look-up to columns 1 to 10 
buses of four Out bus-sets. 

After the heating of the Out sequence storage 
circuits, the signal SCM is given. At the same 
time, the heating signals appear for the pilot 
units selection trees (Figs. 54 to 58) , the In code 
and Operational Sign sequence storage circuits 



functional values selected in the previous table 40 (Figs. 61 and 60), the SHI, Q, and R shift code 

sequence storage circuits (Figs. 62 and 63) and 
the OP I pyramid (Fig. 59) . Two AP pulse cycles 
later, the Ink signal occurs and completes the 
conditioning of ACC.C (Fig. 78A) since OPI con- 
4 - tains code number 02 (see Section 17), and also 
completes the conditioning of the V spot (Fig. 
78ft) for an IC step. 

The signals OCO and PS are given at this time. 
Signal OCO and the Forward signals control 
tion readout relays have been selected by the ,„ the selected pilot units I, 2, 3, and 4 to produce 



look-up operation to be read out. Such line of 
sequence may be, for example, as follows: 

SISeq 

P» Pfc Pr Q» Q6 Qr Es E& Er SHI OPI SI 

2 1 281 2 2 281 0 02 01 
S2Seq 

T« Tb Tr Q« Q6 Qr Vs V6 Vr SH2 OP2 S2 

2 3 281 2 4 281 4 02 02 

It is assumed, for this example, that two sta- 



table look-up operation, one being a relay ASS 
and the other a relay BSS (see Fig. 35) . It is as- 
sumed further than two functional values are 
recorded on the selected line of the tape to be 



the signals for entering the functional values 
selected by the table look-up unit into ESI, 2, 
3, and 4. 

The PS signal initiates the scanning sequence. 



read out via points of the selected relay ASS and gg and signal PI is given. Since field P is blank, the 



two other functional values are recorded on the 
line selected to be read out via points of the 
relay BSS. 

For this example, the plugging in the Forward 
signal circuits (Fig. 35b) of the Table look-up 
is from the pair of sockets R08la and R08lb 
associated with points 81a and 81b of ITO to 
the sockets ROG8I associated with points 81 of 
TLU-GOI,2,3,and4 
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signal PI acts through the blank code pilot unit 
BC (Fig. 78L) to produce the signal Pil.OC. This 
causes 2IQ to turn and produce signal OP.OC. 
As commutator ACC.C is conditioned, signal 
OP-OC controls this commutator to produce the 
signals RCC, ECC and ACC-RI. Since there is 
no value now on the Internal buses, no entry 
occurs into the accumulator. The cycle complete 
signal CYCPT is returned to ACC.C which pro- 



When the table look-up operation has been 65 duces the signal OP.BS, causing return of 2IQ. 



completed, the relay R40 is energized, so that 
its point c (Fig. 35b) is now open and the relay 
ITOC is deenergized. 
Assume the last-given line of sequence is now 



This initiates the Q OC step, and signal Q| is 
given. 

Signal Ql causes selected pilot unit I to pro- 
duce signal ESI to Int, so that the value received 



in one side of sequence storage and this side is 70 before by ES I is applied to the Internal buses 



now heated. Since the code number 281 is in 
the subfield r of fields Q, R, T, and U, and since 
point iTOCa (Fig. 47c) is now closed, the Table 
Out pyramids for these fields all pick up gang 



and a Pil.OC signal is returned to the main com- 
mutator. This signal now turns 2IR giving an 
OP.OC signal. Signal OP.OC acts on ACC.C to 
cause it to produce the signals for bringing about 



relay I TO (also see Section 11). Also, since the 75 entry of the value on the Internal buses into the 
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accumulator. After this entry has been made, 
ACC.C produces signal OP.BS which returns 2 IB, 
terminating the Q OC step and initiating the 
R OC step. 

The R OC, T OC, U OC and V IC steps are per- 5 
formed sequentially in the manner covered in 
previous sections. It is to be noted that in the 

V IC step, the accumulator will be read out and 
a Proceed signal given. Accordingly, ACC.C will 

be reconditioned to produce the signal RCC in a 10 
next accumulator sequence. The sum of ths 
functional values may or may not be transmitted 
to storage, depending on the instructions record- 
ed in the V field. In this example, the V field 
is blank in subfields b and r, so the sum of the 15 
values will not be stored. The purpose of this 
run has been merely to enter values from the 
table look-up apparatus into electronic storage 
and the commutator ACC.C has been selected to 
produce the back signals OP.BS for enabling the 20 
scanning sequence to proceed to completion. 

If desired, values may be entered via Out bus- 
sets into electronic storage during a commutator 
run in which none of the commutators ACC.C, 
MYC, and DVC is conditioned. The program 25 
data controlling such run will not include an ef- 
fective In field. When the V field is blank, the 

V spot is conditioned to perform an OC step, 
as in Section : 16b, Item 26V. Accordingly, the 
scanning sequence may be completed in the man- 30 
ner described in Section 16b. An illustrative line 

of sequence ordering entry from Out bus-sets 
into electronic storage, without the use of the 
' commutator ACC.C or an In field is : 

P» Pb Pr Qs Qb Qr Es E6 Rr SHI OP1 SI 35 
2 1 281 2 2 281 01 

Ts Tb Tr TJ« Vb Ur Vi Vi Vr SH2 OP2 S3 
2 2 281 2 4 281 02 



Since the OP fields are blank, the commutator 



21. The "early and late" operation 



40 



NO (Fig. 78c) will be conditioned, as in Section 
16b. During the scanning sequence, signals PI, 
Ql, Rl, Tl, US and VI will be given. Signal PI 
will act through chassis BC (see Fig. 78L and 
Section 16b, Item 26P) to produce signal Pil.OC 
for causing 2 IQ to turn. The resulting' signal 45 
OP.OC will act on commutator NO to cause it 
to produce signal OP.BS for returning 2IQ to 
initiate the Q OC step. The signal Ql will be 
given but since pilot unit I has been selected 
by Qb, the signal Pil.OC will be given by this 50 
pilot unit and cause 2IR to turn. Signal OP.OC 
will again be produced and go to commutator NO 
for causing it to produce signal OP.BS for re- 
setting 2IR. The Rl signal will be given and 
cause selected pilot unit 2 to produce signal 35 
Pil.OC, and so on. In this way, the signals for 
continuing the scanning sequence will be given 
by the selected pilot units, the blank code pilot 
unit, and the commutator NO. 
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As explained in Section 9, only two stations in 
the same tape storage bank can be read out 
simultaneously, one via its A station selector 
(Fig. 31) and the other via its B station selector. 03 
Normally, therefore, a line of sequence may direct 
a tape storage bank to read out only two of its 
stations to two Out bus-sets. To make greater 
use of a tape storage bank, "early and late" means 
are provided to enable four stations in the same 70 
bank to be read out during a single commutator 
run. Two of these stations may be read out 
concurrently to two Out bus-sets after which 
two of the other stations in the same bank may 
be read out to two other Out bus-sets. The 75 



"early and late" means provides, specifically,! for 
two stations in a bank to read out a next line of 
sequence data after which two other stations in 
the bank may be read out, all in a single com- 
mutator run. To plug a bank for reading out to 
four Out bus-sets, sockets ASSP (Fig. 32a) must 
be plugged to sockets TS-GOP related to two of 
the Group Outs and sockets BSSP must be plug- 
ged to sockets TS-GOP related to two other 
Group Outs for the same bank. Further, the 
relays ASS and BSS for one pair of stations and 
the Group Outs selected for these stations must 
be operated first and after entries from these 
stations into electronic storage have been com- 
pleted, then only may the relays ASS and BSS 
and selected pair of Group Outs for the other 
pair of stations be energized. 

Assume, for example, as in Section 16b, Item 
8, that stations I and 1 0 of bank 1 are to be read 
out via their A and B selectors, respectively, to 
Out bus-sets 7 and 8. Assume, further, that 
stations 3 and 4 are to be read out via their 
A and B selectors, respectively, to Out bus-sets 
I and 2. If all four stations are to be read out 
in the same commutator run, then^ gang relays 
I ASS and I OBSS and Group Outs 7 and 8 must 
be operated first and their data entered into 
ES7 and 8. After completion of this entry, the 
relays I ASS and I OBSS and Group Outs 7 and 8 
must be dropped, and then relays 3ASS and 
4BSS and Group Outs I and 2 may be operated. 
In other words, the heating of the Out sequence 
storage circuits for the selected "early and late" 
tape storage bank must be deferred until after 
the sequence data entry completion signal SE 
(Section 16b, Item 25) has been given. This is 
done by delaying the pick up of heating relays 
X4, X5, or X6, depending on which tape storage 
bank has been selected for "early and late" oper- 
ation. 

If "early and late" operation of a tape storage 
bank is to be effected, the "early and late" SI, 
S2 pyramids (Fig. 50) are plugged according to 
the SI and S2 code numbers to the gang socket 
TSIil, 2, or 3 (Fig. 53b) according to whether 
the bank to be so operated is bank I, 2, or 3. 
To continue with the previous example, sockets 
SELPOI and 02 are plugged to socket TSLI. 
Socket TSLl is wired to line Late 4. This line 
(also see Figs. 76ff and 75g> is coupled to the grid 
of 8. Fig. 75fif. 

The "early and late" SI, S2, pyramids 
(Fig. 50) are made up of points of intermediate 
sequence storage relays AI, on the A side, and of 
points of relays BI, on the B side (see Section 11) . 
The intermediate relays are energized earlier 
than -the operational relays (AOP or BOP) of 
sequence storage. Energization of relays AI (or 
BI) is effected when the sequence data is trans- 
mitted from EST and 8. The relays AI then 
close points to pick up the operational relays 
AOP (or BOP) . The STR signal, given at com- 
pletion of sequence data transmission (see Sec- 
tion 16b, Item 33) drops the AOR (or BOR) re- 
lays so as to provide stick circuits for the ener- 
gized AOP (or BOP) relays. The STRDI pulse, 
some 10 ms. later, energizes the AIR (or BIR) 
relays (see Section 16b, Item 39) to drop the AI 
(or BI) relays. When the STRDI pulse has 
been given, when the scanning sequence also has 
been completed, and when the all-entry delay 
pulse AED also has been given, a new commu- 
tator run for interpreting the sequence data just 
transmitted to sequence storage may begin. Be- 
tween the time of energization of the AI (or BI) 
relays by the STR signal time, and the deenergi- 
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zation of these relays some 10 ms. later by the 
STRDI pulse, the "early and late" SI, S2 pyra- 
mids (Fig. 50) function to set up a delay in the 
heating time for the Out sequence storage circuits 
of the selected "early and late" bank. The delay 
is terminated when, in the new commutator run, 
the sequence data has been safely entered in 
electronic storage. The terminating signal in 
this case is the SED signal (see Section 16b, 
Item 30). 

In the assumed example, when relays AI (or 
BI) have been energized according to a new line 
of sequence data, the SI, S2 pyramids are set ac- 
cording to the code numbers 01 and 02. The 



Two AP pulse cycles later, the decreased po- 
tential on line Late Ink cuts off 27, whereupon 
27 — 27a causes 12 to apply a negative impulse 
via line 102 to 12, Fig. 75a, turning it. In a 
5 similar way, 18, Fig. 75a, is turned if line ytw 
has been increased in potential. If the "early 
and late" pyramids were not plugged to Late 4, 
then 10, Fig. 75gr, would not be turned at Late 
Ink time. The turning of 12 or 18 at this time 
10 would then render II or 17 conductive, so that 
heating relay X* or Y4 would be energized. 
When, as in the assumed example, the "early 
and late" pyramids are plugged to line Late 4, 



then 10 and 12 or 18 are turned at the same 

SI, S2 Station Move, Group Outs, and Unit Outs 15 Late Ink time. The turning of 10 prevents the 

pyramids are heated by points of relays XI (or turning of 12 or 18 at this time from rendering 

YD energized at STR signal time (see Section 1 1 or 17 conductive, so that relay X4 or Y4 is not 

16b, Items 7 and 36) . The "early and late" SI, energized. 

S2 pyramids are heated at STR signal time, as The relays X4 and Y4 are heating relays for 

follows. The STR signal acts via 28a, Fig. 75c, 20 the A and B sides, respectively, of the bank 1 

to turn 28, cutting off 21. With 21a already at tape storage Group Out trees (Fig. 47b), bank 
cut-off under control of 22 in reset state, 2 1 — 21a 
produces increased potential on wire xtw. The 
increased potential on this wire conditions a grid 



1 move relay trees (Fig. 47c) and of the bank 1 
station selector ASS and BSS trees (Fig. 47d) . 
Thus, when X4 (or Y4) is not energized, the bank 



of II, Fig. 75/. The trigger 22, Fig. 75e, will be 25 1 pyramids and trees cannot function to pick 



turned by a next AE signal (see Section 16b, 
Item 28) . The next STR signal will return 28, 
Fig. 75e, Accordingly, increased potential will 
then be applied by couple 27 — 27a to the wire of 



up Group Outs, Move relays, and ASS and BSS 
relays. 

The trigger 12 or 18 in Fig. 75a is not reset 
until an all-entry complete signal AE is given 



y2w, causing 10, Fig. 75/, to be conditioned. Thus, 30 (see Section 16b, Item 28). In the "early and 



late" operation, the sequence data entry com- 
plete signal SE and its delay signal SED are 
given before the AE signal because Forward sig- 
nals from the required units of the bank selected 



either the tube II or 1 0 in Fig. 75/ is conditioned 
at the STR signal time depending on whether 
the A or B side, respectively, of sequence storage 
is to be heated. The STR signal also acts, as de- 
scribed in Section 16b, Item 10, via 5, Fig. 75/, 35 for "early and late" operation are delayed. The 
to turn the first trigger 4 of the "Late Delay." signal SED (Section 16b, Item 30) resets trigger 
Upon this trigger turning, it applies increased 10, Pig. 75a, This allows the trigger 12 or 10, 
potential to grids of 10 and II. One of these still reversed, to render II or 17 conductive, so 
also is receiving increased potential on its other that the heating relay X4 or Y4, as the case may 
grid, at the STR signal time, as just described. 40 be, is then energized. The bank 1 pyramids 
Accordingly, when 4 turns, it renders one of the may then function to pick up the desired Group 



tubes 10 and II conductive. If II conducts, it 
acts via 5a to place increased potential on line 
x LATE, but if 1 0 conducts, it acts via 15 to cause 
increased potential to be present on the line y 45 
LATE, Increased potential on line x LATE 
makes 3 and 4 in Fig. 76a conduct to apply de- 
creased potential to the line ELX. Increased 
potential on line y LATE makes 5 and 6 in Fig. 



Outs,, station selector relays ASS and BSS, and 
Move relays, after which Forward signals are 
applied to the selected Out bus-sets. 

Similarly, the "early and late" S I , S2 pyramids 
(Fig. 50) may be plugged to line Late 5 or Late 
6, if four stations are to be read out during a run 
from bank 2 or bank 3 of tape storage. The 
Late 5 line if selected will cut off 20, Fig. 75g, 



76a conduct to place decreased potential on line 50 and the line Late 6, if selected, will cut off 2, 

ELY. The line ELX is the heating line for the F j g . 75ft. if 20, Fig. 75a, is cut off, the Late Ink 

A side of the SI, S2 "early and late" pyramids signal when it cuts off 20a, causes 20— 20a to act 

(Fig. 50) while the line ELY is the heating line through 21 to turn 22, whereby 23 and 29 are cut 

for the B side of these pyramids. 0 ff. This prevents 24 or 30, whichever is turned 

In the above manner the proper side of the 55 a t L a t e ink time, from rendering 23 or 29 con- 



"early and late" pyramids is heated at STR sig- 
nal time. Upon the heating of these pyramids, 
they apply cut-off potential, in the assumed ex- 
ample via SELP0I and 02 and TSLI (Fig. 53b), 
and via line Late 4 to 8, Fig. 75fif. 

Two AP pulse cycles are allowed for sens- 
ing the existence of an "early and late" plug- 
ging. This delay is provided by the "Late De- 
lay" in Fig. 75/. At the end of the delay, trig- 



ductive so that relay X5 or Y5 is not energized 
and the heating of the bank 2 sequence storage 
circuits is delayed. If 2, Fig. 75ft, has been cut 
off, the Late Ink signal when it cuts off 2a, 
60 causes 2 — 2a to operate through 3 to turn 4; 
whereby 5 and I I are blocked from being made 
conductive by turning of 6 or 12 at Late Ink 
time. Thus the relay X6 or Y6, as the case may 
be, is not energized and the bank 3 sequence 



ger I, Fig. 75/ turns and^ is effective through 6 5 storage circuits are not heated until the signal 



8 to produce cut-off potential on line Late Ink. 
The cut-off potential is applied by this line to 
8a, Fig. 75a. Since 8 also has been cut off, cou- 
ple 8 — 8a acts now via 9 to turn 1 0 so as to block 
1 1 and 1 7 from becoming conductive. The trig- 
ger 12 or 18 is also turned at this time, as de- 
scribed in Section 16b, Items 11 and 28, Briefly, 

if line x2w has been previously raised in poten- 
tial, at STR signal time as explained before, it 



SED is given. This signal restores 4, Fig. 75ft, 
and 22 and 10 in Fig. 75g. 

-The next BP pulse after turning of I, Fig. 75/, 
resets it, whereupon 4 is reset, terminating the 
70 heating of the "early and late" SI, S2 pyramids 
(Fig. : 50). This may be safely done since the 
test for an "early and late" plugging has al- 
ready . been made and the Late Ink Signal has 
already been given to cause trigger 10 or 22 in 



renders 29 conductive to cut off 27<z, Fig. 75/. 75 Fig. 75c or 4 in Fig, 75ft to turn so as to delay 
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the heating of tape "Storage bank 11, 2, or 3 se- 
quence storage relays. 

An illustrative program for which the "early 
and late" operation may be used is : 

Ps Pb Pr Qs Qb Qr Rj E6 Rr SHI OP1 SI 



1 505 2 



010 2 



Oil 7 



15 



01 



T» Tb Tr 
2 4 SOS 



Us Vb Vr Vs V6 Vr SH2 OP2 S2 



012 4 6 013 



18 



02 



Assume the code numbers 01 and 02 in SI and 
S2 are to select stations I and 10 of bankl to 
read out sequence data to EST . and 3- The code 
number 505 in Pr calls for data to be read out- of 
of station 2, bank 1 via its A: station selector, and 
digit 1 in Pb calls for the data to go to ESI . -The 
code number 508 in Tr directs data to be read 
out of station 3, bank 1, via. its B station selector, 
and digit 4 in To calls for. the data to go to ES4. 

Assume the above program has been set in the 
A side of sequence storage. The last given STR 
signal has caused relay XI to be energized, so 
the SI, S2 pyramids on the A side are heated 
and cause relays I ASS, I0BSS, TS-G07 and 8, 
and Move relays MA and. MB, all in bank 1 to be 
energized, as in Section 16b, Item 8. The "early 
and late" pyramids (Fig. 50) have been heated, 
on the A side, at STR time because tube 1 1, Fig. 
75/, has been rendered conductive. Accord- 
ingly, line Late 4 has been reduced in potential 



from: four relay storage units, or^to print eight 9- 
uUglt.nmnbers and their eight£adgns,:asiread out 
from the halves of the four, storage units. The 
printing unit also has sufficient; capacity to pro- 
g vide appropriate separation between the numbers 
;printed along a Une. 

The print structure is, except for certain dif- 
ferences which will be indicated, of the kind dis- 
closed in prior Patents 2.079;418, 2,199,547 and 
10 2,042,324. Referring to;Fig.?:82, the printing unit 
includes a platen roller 92 p. The work sheet is 
brought around the platen and over a pin-feed 
wheel 295, then over a cover plate 296. Behind 
■the platen roller are eighty-nine parallel, ver- 
■15 rtically disposed type carriers 93p. :Each type car- 
rier mounts, one above the other, eleven type 
slides 94p bearing types which are, from top to 
bottom. 9, S, 7, 6, 5, 4, 3, 2, 1. -, 0. The types are 
inverted in order that the recorded characters 
20 be in upright position for viewing by an observer 
when the printed portion, of the sheet is on or in 
front of cover plate 296. Each type carrier is 
connected at the bottom to a link 9Tp pivoted at 
98p, and connected by a spring 99p to a common 
25 bar lOOp. Bar 1 00p is fixedi between arms 101 p 
and fast to a shaft I02p. Connected by links 
I04p to arms lOlp is a restoring bail I03p over- 
lying all the arms 97p. 
Fixed to the shaft I02p is an arm I05p which 



and has cut off 3, Fig. 75fir. Two AP pulse cycles 3Q is connecTed byhnk ibe^to a cam follower"^!?: 
later, the signal Late Ink appears and cuts off 
8b, Fig. 75g, so that trigger 1 0 is turned and blocks 
1 1 . Trigger 1 2, Fig. 75flf, also is turned at Late Ink 



time but with II cut off, the relays X4 are not 
• energized. 

In the ensuing commutator run, the OCO sig- 
nal operates on selected ;pilot units ESI and 8 
to cause it to pilot the sequence data from sta- 
tions I and 10 of bank 1 into EST and 8, as in 



Section 16b, Item. 24b. The SE signal is given 40 r i ers 93^ 



The cam follower follows a pair of complemen- 
tary cams I09p and 1 1 Op which are fixed to a 
cam shaft 1 1 lp. During each revolution of the 
-cam shaft the cams 10 9p and 1 1 Op oscillate the 
35 cam follower I07p. Upon the counterclockwise 
movement of follower I D7p, shaft 1 02p and arms 
tO I p move clockwise. Restoring bar ' 1 03p also 
moves clockwise while the springs 9 9p force the 
arms 97p to follow, elevating the type car- 



after the sequence data have been entered and 
stations I and 10, bank 1, have been advanced 
under control of Move signals from pilot units 7 
and 8. The SE signal causes XI to be deenergized 



The type carriers may be individually arrested 
in different positions to present selected types 
at print position. The arresting means includes 
ratchet teeth 1 1 Op provided on each type carrier 



^l C o°?nJo 6 o' Jo Cm J 9) ^ ^/ d ^ ly ' 45 and spaced similarly to the type slides 94p, ex- 

IASS, I0BSS, TS-G07, TS-GOS, MA and MB, 



all in bank I are dropped. Some 8 ms. later .sig- 
nal SED appears (Section 16b, Item 30) and re- 
sets 1 0, Fig. 75fir, whereupon, relay X4 is ener- 
gized, heating the bank 1 sequence storage pyra- 
mids. Thereupon, relays 2AAS, 3BSS, TS-GOI, 
TS-G04, and MA and MB, all in bank 1 are 
energized. Forward signals now appear on Out 
bus-sets I and 4 and combine with the. still active 
OCO signal to cause selected pilot units I and 4 
to pilot data from stations 2 and 3 of bank 1 
into ESI and 4. 

When all the entries called for by a line of 
sequence have been saf ely .made, signal L AE is 
given and terminates signal OCO (see Section 
16b, Item 31). 

22. The printing means 

Results or other information stored in the ma- 
chine may be recorded by any of several units as 
and when called for .by theprogram. One such -'65 
unit is called printer #1 which is of the kind for 
printing one line at a time. The printing unit 
has a capacity for printing numbers storett in 
four relay storage, units. Each relay storage unit 
may store a number having 19 digits and a sign, 
or, as explained in Section 7. may be used as a 
split storage device to store two numbers, each 
with 9 digits and a Sign. The printing unit has 
enough capacity to print, in one line, four 19- 
digit numbers and their four signs, as read out 



cept for the last, 0 type slide, which has no cor- 
responding tooth Il9p but is presented to print- 
ing position when the type carrier rises to its 
limit. Arranged to coact with the ratchet teeth 
00 of each type carrier is a pawl I I8p held by arma- 
ture latch I I'Tp of a magnet PM from engaging 
the ratchet teeth. When the magnet is ener- 
gized the latch M7p is released from pawl II 8p 
which springs into arresting engagement with a 
-55 tooth H9p of a' type carrier. There is one such 
arresting means including a magnet PM for each 
type carrier. 

When a type carrier is arrested, the associate 
arm 97p stops and the connected spring 9Sp 
m stretches while the actuating arms lOlp and re- 
storing bail I03p continue to rock clockwise. 
'After the period during which the type carriers 
may differentially be set in printing positions, 
the print hammers 95p are tripped at 196 degrees 
index time (Fig. 86) , and strike the type elements 
at printing position in order to print the selected 
data through an ink ribbon upon the work sheet 
on the platen. 

The type hammers 9Sp are free on a shaft 96p 
To and urged into printing action by springs I38p. 
This action is normally restrained by latches 
I3lp. Interponents l32p are- pivotally carried by 
■ the. lower ends of the latches. At their rear the 
interponents hook over a bail I33p fixed to a 
75 -shaft f34p. A hammer restoring bail f*4p is 
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fixed on the shaft 96p. Shaft 1 34p has fixed to it 
an arm I35p which has a pin and slot connection 
to a link I36p pivoted to a bell crank I37p fixed 
to the shaft 96p. The bell crank I37p is con- 
nected by a link 13 8p to an arm I39p fixed to a 5 
pivot shaft I40p which also has fixed to it a cam 
follower I4lp. Cam follower 14 Ip cooperates 
with complementary cams I43p carried by the 
cam shaft 1 1 Ip. During a revolution of the cam 
shaft the cams I43p act through the described 10 
linkage to rock the shafts 96p and I34p first 
clockwise and then counterclockwise. The pin 
and slot connection between link I36p and arm 
1 35p permits shaft 96p and restoring bail I44p 
to move clockwise before the arm 135 moves 15 
clockwise, so that the bail I44p may be moved 
out of the way of the hammers 95p before the 
bail I33p moves to the rear for releasing the 
hammer latches 1 31 p. Upon the release of the 
hammer latches from the printing hammers, the 20 
springs I30p drive the printing hammers into 
printing action. Upon counterclockwise move- 
ment of the shaft 96p, the bail <44p restores the 
hammers to latched position. 

After the printing operation, the restoring 'ii 
bail I03p moves down and returns the type car- 
riers 93p to their lower limit. When the type 
carriers have been restored, the pawls 1 1 8p are 
returned into latching engagement with the 
latches 1 1 7p. The means for effecting the re- :so 
turn of the pawls into latching engagement in- 
cludes a cam 300 on the cam shaft I lip. The 
cam 300 is engaged by a follower 301 which is 
connected by a link 302 to a lever 303. The 
lever 303 is urged by a spring 304a in a counter- .."."> 
clockwise direction so as to maintain the follower 
301 engaged with the cam 300. The upper end 
of lever 303 abuts a bail 304 pivoted on a shaft 
306 on which the pawls I I8p are loosely mounted. 
The bail 304 is connected by a link 306 to an <i0 
armature knock-off bail 30T. After the type 
carriers have been restored, the cam 300 rocks 
follower 301 counterclockwise, causing the lever 
303 to move clockwise for rocking the bail 304 
upwardly and causing the bail 307 to move clock- 
wise. The bail 304 thereby restores the pawls 
1 1 Bp and the bail 307 positively returns the 
armatures 1 1 7p into latching engagement with 
the returned pawls. 

When a type carrier 93p rises to its upper limit f,<> 
it presents its zero type to printing position. As 
the type carrier rises to its upper limit, a lug 297 
on the type carrier moves a pivoted bell crank 
298 counterclockwise. A lateral projection 298a 
on the bell crank thereupon tilts the associated 55 
interponent 132© out of the path of the bail I33p, 
so that printing of zero may be suppressed. 

It is desired, however, to be able to print zeros 
to the right of a significant digit; i. e., in orders 
below the significant digit order. In prior art 60 
machines, this has been accomplished by carry- 
zero levers, each pivotally mounted on a hammer 
latch, and having two positions of adjustment. 
In one position of a zero-carry lever, it has no 
effect on the hammer latch at the right. In an 65 
alternative position of the zero-carry lever, it 
communicates the motion of its own hammer 
latch to the hammer latch at the right. An ex- 
ample of such mechanical connection between 
adjacent hammer latches is the lever 282 in Fig. 79 
3 of Patent 2,199,547. In this way, printing of 
zeros to the right of a significant digit have 
been effected. The present printing unit pro- 
vides also for printing of zeros to the left of a 
significant digit; that is, in orders above the 75 
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significant digit order. This is desirable when 
dealing with decimals. 

. For this purpose, a novel carry-zero lever 310 
(Figs. 84 and 85) is provided. This lever is 
pivotally carried at the upper end of a hammer 
latch I3lp and has three positions in place of the 
conventional two. The lever is frictionally re- 
tained in any of the three positions to which it 
may be manually adjusted. 

Fig. 85 is a perspective view of a pair of ad- 
jacent hammer latches 13 Ip, with their carry- 
zero levers 3 1 0 and also shows the front end of 
the lever 3 1 0 at the left of the two latches shown. 
Since the types are inverted and the printed 
numbers are read upright from the point of the 
platen 92p (Fig. 82), the denominational order 
relationship from left to right of the elements 
shown in Fig. 85 is lower order lever 310, inter- 
mediate order latch 13 1 p and its lever 310, and 
higher order latch I3lp and its lever 310. With 
lower order lever 3 1 0 in position C (also see Fig. 
84) , it is out of the path of movement of the in- 
termediate order latch 310. Hence, if the inter- 
mediate order hammer latch is rocked to trip its 
type hammer, it will not affect the lower order 
hammer latch and printing of zeros in the orders 
below the intermediate order will not take place. 
This is desired if a split between numbers is to 
be made. With the intermediate order lever 3 1 0 
in position B, its front lug 310a is in the path of 
the transversely bent lug 1 3 la of the higher 
order. Thus, if the latch 13 Ip in the higher order 
moves forward to trip its hammer, it will effect 
similar movement of the intermediate order ham- 
mer latch, even if the intermediate order type 
carrier 93p (Fig. 82) has moved to its upper limit 
to present 0 at printing position. In this way, 
if the higher order prints a significant digit, zero 
will be printed in the intermediate order. 
Should the lower order lever 3 1 0 also be in posi- 
tion B, the movement of the intermediate latch 
13 Ip will effect movement of the lower order 
latch. Thus, printing of zeros in one or more 
orders below a significant digit order may take 
place. If the lever 3 1 0 in the intermediate order 
were in position A, as is the lever 310 of the 
higher order, then its edge 3 1 06 would be behind 
the lug 13 1 a of the higher order. Accordingly, 
forward hammer typing movement of the inter- 
mediate latch 13 Ip would be communicated by 
its lever 310 to the higher order latch 13 Ip. In 
this way, even if the higher order type carrier 
moved to zero position, a zero would be printed 
if the intermediate order had a significant digit. 
By setting successive adjacent levers 310 in 
position A, printing of as many zeros as desired 
in orders above a significant digit order may be 
effected. 

It should be noted that if intermediate lever 
310 were in position A, its lug 310a would be in 
the path of lug 1 3 1 a of the higher order and the 
edge 310b of this lever also would be in position- 
to enage the lug 13 1 a of the higher order. Thus, 
if the intermediate order latch is rocked forward, 
it will move the higher order latch, or if the 
higher order latch is rocked forward it will move 
the intermediate order latch. 

In short, with a lever 310 in position C, its 
carrying latch 13 Ip is unaffected by the latch in 
the order above it or by the latch in the order 
below it. If the lever 310 is in position B, its 
carrying latch 13 Ip is moved if the latch in the 
order above is moved, so that zero printing in the 
lower order will be effected. If the lever 310 is in 
position A, its carrying latch I3lp will be moved 
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if either the late* in the order above or the order 
below is moved, so that zero will be printed if 
printing occurs in the order below or the order 
above. 

The platen roller 92p (Pig. 82) and the pin- 
feed wheel 295 are suitably geared together and 
operated to line-space the work sheet upon en- 
ergization of a magnet LSM (Fig. 87a) prior to 
a printing operation. Any suitable line spacing 
means may be used; such as, for example, dis- 
closed in u. S. Patent 2,189,025. 

Cam shaft 1 1 lp operates cams of a conven- 
tional type for controlling timing contacts shown 
only in the circuit diagram, Fig. 87a, and also 
operates an emitter EM, also shown in Fig. 87a. 
Big. 86 is a timing chart indexed in degrees 
according to the marking of an index wheel 
(not shown) which moves 1 to 1 with the cam 
shaft. 

The printer unit is clutched in for a cycle 
when called for by the program. The clutch 
means includes a clutch magnet PRC (Fig. 83) 
energization of which releases detent 315 from 
a clutch pawl 316. The clutch pawl springs into 
engagement with a tooth of a driving element 
317 and couples the cam shaft (lip to the driv- 
ing element. The driving element is driven by 
gearing in a gear box 318, which gearing is 
actuated by belt-and-pulley connection 3 1 9 from 
a motor PRM. The clutch magnet will be de- 
etietgized shortly after the cam shaft starts a 
revolution, and detent 3 1 5 thereby will be posi- 
tioned to retract the clutch pawl 316 and stop 
the cam shaft at the end of its revolution. The 
cam shaft is stopped at 330 degrees index time 
(see Pig. 86), and when clutched in also starts 
its revolution at that point. The clutch magnet 
may be reenergized before the cam shaft com- 
pletes its revolution, so that the cam shaft may 
continue uninterruptedly for a second revolu- 
tion, and so on. 

Printer #1 when clutched in for a cycle is 
capable of printing data stored in relay storage 
units 120, 121, 122, and 123. Each storage relay 
of these units not only operates stick contacts 
a and readout contacts b, as described in Sec- 
tion 7 (also see Fig. 29) , but also operates one 
or more points in a tree, of which there is one 
for each storage column. Fig. 87b shows, as 
representative, the trees operated by columns 1, 
2, and 20 of a relay storage unit 120, 121, 122, 
or 123. The form of tree in Fig. 87b varies 
slightly from that in Fig. 45 but the same form 
could be used if desired. Both forms provide 
decimal notation representations of binary- 
decimal settings. The tree may be used as in 
sequence storage (Section 11) to establish any 
of several circuits upon the heating of the tree, 
in this way translating the binary-decimal set- 
ting of the tree into a singly-timed selection 
of one of several elements, each corresponding 
to a different decimal notation digit. The tree 
also may be used in combination with differential 
timing means, such as emitter EM (Pig. 87a) 
to establish a circuit, at a differential point of 
a base cycle, through a single element. This 
is the manner in which the trees shown in Fig. 
87b are used. The brush of emitter EM (Fig. 
87a) wipes emitter spots 9 to I and — sequen- 
tially during a print cycle (see Fig. 86) in syn- 
chronism with the arrival of types 9 to I and 
— at the printing line. The spots S to S of the 
emitter are wired to four sets of terminals eni$ 
to I , each, set being connected, as indicated in 
Pig. 87b, to a set of wires ic9 to I in one of the 
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four relay storage units. The set of wires it>9 
to I connects to the decimal notation points 
9 to I at the bases of the twenty column trees 
in the storage unit. Since the emitter is con- 
nected to the sets of wires w9 to I of the four 
relay storage units, the emitter senses the dec- 
imal notation representations 9 to 1 produced 
by all eighty column trees, twenty in each stor- 
age unit, at the differential times at which types 
9 to I are presented to the printing line. 

During the period in which the emitter senses 
the trees for representations of digits, relays 
SM (Fig. 87b) in each storage unit are energized 
by a circuit traced later and close their points 
I to 20. This connects the apexes of the trees 
to terminals pt. The terminals pt of relay stor- 
age units 1 2D, (21, 122, and 123 are wired, as 
indicated in Fig. 87a, to plug sockets STPI to 
80. Those plug sockets STP which are wired to 
the column trees selected to represent digits, 
as distinguished from signs, are selective plugged 
to sockets STPPI to 89. The sockets STPP are 
wired to the print magnets PM (see Fig. 82) 
associated with the eighty-nine type carriers 
93p. 

Assume, for instance, that relay storage unit 
120 is set to store a single number which may 
have as many as nineteen digits and a sign, with 
column 1 being used to store the sign. The 
sockets STP2 to 20 may be plugged to sockets 
STPP2 to 20 or sockets STPP3 to 2 1 or any other 
set of nineteen successive sockets, leaving a 
socket at the left to receive the sign representa- 
tion, which is recorded only if a — sign, as will 
be brought out. If relay storage unit 120 is set 
to store a number in each half, two sign columns 
are present, one being column 1 and the other 
being column 11. Sockets STP2 to 10 may then 
be plugged, for instance, to sockets STPP68 to 76 
and sockets STPI 2 to 20 to sockets STPP8I to 
89. The sockets STP wired to the other storage 
units 121, 122, and 123 may similarly be plugged 
selectively to sockets STPP. It is clear that 
plugging may be such as to cause the numbers 
from relay storage units 120, 121, 122, and 123 
to be printed in selected fields of a line. If 
four fields be designated, for convenience of the 
description, A, B, C, and D, from left to right, 
four numbers from storage units 120, 121, 122, 
and 123 may be printed respectively in fields 
A, B, C, D, or B, A, C, D, or C, A, B, D, or D, C, B, 
A; or D, B, C, A, and so On. Eight numbers may 
be printed if the relay storage units are each 
used to store two numbers and the plugging 
allows for these numbers to be printed in differ- 
ent positions along a line. It is clear that the 
number from relay storage unit 120, 121, 122, 
or T23 may be printed selectively in the right- 
hand field of the line. 

During a cycle of the print unit, when the 
emitter wipes its 9 spot, it establishes a circuit 
via any storage column tree set at 9 for energiz- 
ing the print magnet associated with the tree, 
thus causing the 9 type in the corresponding type 
carrier 93p to be arrested at printing position. 
The circuit extends from ground (Fig. 87a) via 
circuit breakers CI I and CI 2, the emitter brush, 
the 9 spot, the terminal em9, wire 'to 9 (Fig. 87b) , 
the point 9 at the base of a column tree, the 
shifted contacts a of the 1 storage relay, the 
shifted contacts a of the 8 storage relay, the con- 
nected, now-Closed points of relays SM, the con- 
nected terminal pt, the plug socket STP (Pig. 
87o) wired thereto, the plugwire to the selected 
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socket STPP, and through the magnet PM to the 
+50 v. line. 

Similarly, the digits 8, 7, 6, 5, 4, 3, 2, and 1 may 
be read out of the number storing columns at the 
differential times at which the types 8, T, 6, 5, 4, 5 
3, 2, and I are presented to printing position, so 
as to cause these types to be arrested at printing 
position. The 0 setting of a column tree need not 
be read out since the 0 type is presented at the 
upper limit position of a type bar and is printed or 10 
not printed according to the setting of the carry- 
zero lever 310 (Figs. 84 and 85). 

Only a — sign will be printed preceding a num- 
ber. The — sign type is presented to the print- 
ing position at the time the emitter brush trav- 15 
erses the — sign spot (Pig. 87a) ; i. e., one dif- 
ferential interval after the brush wipes the 1 
spot. The — sign is represented, however, in 
the sign storage column by digit 1. But the 
emitter EM cannot serve when wiping the 1 spot 20 
to time the printing of the — sign because the 
— sign type is not presented at printing position 
until one differential interval later. To over- 
come this difficulty, the emitter is used when it 
wipes the 1 spot to set up a circuit for enabling 25 
the emitter as it wipes the — spot, one differen- 
tial interval later, to time the printing of the — 
sign. For this purpose, the sockets STP which 
are wired to sign storage columns are plugged to 
selected sockets STPS. The sockets STPS are 30 
connected by contacts I to 10 of relay RI3, when 
these contacts are closed, to relays Rl 4 to R23. 
The relay RI3 is energized by the closure of cam 
contacts C7 (see Figs. 86 and 87a) after the "2" 
readout time. It should be noted that each read- 35 
out time is determined by the circuit breaks ci I 
and 12 in conjunction with the emitter EM. 
Thus, the "2" readout time is the interval of the 
cycle between 117 degrees and 126 degrees. Cam 
contacts CT close shortly after the "2" readout 40 
time and do not open until the end of the "1" 
readout time. Thus, relay RI3 is energized only 
for a period which includes the "1" relay time. 
During the "1" readout time, the brush of emit- 
ter EM wipes the 1 spot and in conjunction with 45 
circuit breakers CI I and CI2 completes circuit 
paths through the storage column trees set at 1 
to the related plug sockets STP. The plug sock- 
ets STP associated with the sign columns are 
plugged to sockets STPS and since contacts I to go 
10 of RI3 are closed at this time, circuits are com- 
pleted through those of relays RI4 to R23 which 
are wired to the plugged-in sockets STPS, ac- 
cording to which of the sign storage columns is 
storing the — sign indicant 1. Energization of a 55 
relay RI4 to R23 closes its contacts a, which are 
wired between emitter spot — and a plug socket 
STSP. The plug sockets STSP are plugged to 
sockets STPP according to the positions selected 
for receiving the — sign imprint. 60 

Assume, for example, that the left-hand column 
of a sheet is to receive the — sign. The plug 
socket STPP I in that case is plugged to a socket 
STSP. The particular socket STP wired to the 
sign storage column is plugged to that socket 6 5 
STPS which is in the circuit of the relay RI4 to 
R23 having contacts a associated with the pocket 
STSP which has been plugged to socket STPP I. 
If the sign storage column is storing the — sign 
indicant 1, then in the "1" readout time, the se- 70 
lected relay R 1 4 to R23 will be energized and close 
its contacts a. The energized relay R 1 4 to R23 is 
held by a stick circuit made through its contacts 
b and cam contacts C6, which do not open until 
after the emitter brush wipes its — spot. When 75 



the emitter brush wipes its — spot, a circuit is 
completed from ground, via CI I, CI2, the emitter 
brush, the — spot, the closed contacts a of the se- 
lected relay RI4 to R23, the connected plug sock- 
et STSPI to 10, plugwire to the socket STPP I, 
and through the print magnet PMI, to the +50 
v. line. The magnet PMI is thereby energized at 
a time to stop the related type carrier 93p with its 
— type in printing position. 

Shortly after the cam shaft Hip has been 
clutched in for a revolution, cam contacts CI 
close and establish a circuit path via safety con- 
tacts which need not be discussed here to plug 
sockets STU and via plugwires to sockets STUS, 
and to terminals tsm. Each of these terminals 
is wired, as indicated in Fig. 87b to the group of 
relays SM of one of the four relay storage units 
which are to be read out to the print unit. Thus, 
the relays SM are energized to close their points 
I to 20 in order to connect the storage column 
trees to the plug sockets STP (Fig. 87a) . This 
occurs before the emitter brush wipes the 9 spot 
and remains in effect until the end of the, "1" 
readout time. 

Cam contacts CIO close before printing time; at 
196 degrees, to establish a circuit via safety or 
interlock contacts, which need not be discussed 
here, through the paper line space magnet LSM. 
Energization of this magnet causes line spacing 
of the sheet, as previously mentioned. 

If the printer unit is to be used, the operator 
closes the Start key contacts (Fig. 87a) to estab- 
lish the circuit of a relay STD. Contacts an of 
this relay close and in conjunction with Stop key 
contacts (normally closed) establish a stick cir- 
cuit for the relay. The circuit may be opened 
by depressing the Stop key. 

22a. A program including printing 

Printer #1 is scheduled for operation by any of 
the four code numbers 160, 161, 162 and 163 in 
subfield r of an In field. The code numbers 160, 
161, 162, and 163 also schedule relay storage units 
120, 121, 122, and 123, respectively, for receiving 
an entry. Entries may have been made into 
three of these storage units as called for by their 
identifying code numbers during a preceding run 
or runs of sequence. When the entry is made 
into the fourth one of the storage units and it 
is desired also to print the data entered in all 
four of these storage units, the code number 160, 
161, 162, or 163 is used depending on which of 
the storage units 120, 121, 122, or 123 is the 
fourth one scheduled to receive an entry. A line 
of sequence calling for the printer to operate also 
may include one or two calculation programs. 
The printer code number will always be placed 
in the last program field which is to be scanned 
for an entry into the relay storage units 120, 121, 
122, and 123. Several illustrative printer pro- 
gram lines are given below: 

Ps Tb Pr Qj Q6 Qr Rs Rb Rr SHI OP1 SI 
2 1 010 2' 2 011 4 3 123 0 01 01 

T» Tb Tr Us U6 Qr Vs Vb Vr SH2 OP2 S2 
0 4 121 4 5 122 4 6 160 0 01 02 

This program calls for accumulation with T as 
an In field (see Section 17a) and for printer 
operation. The terms in storage units 010 and 
Oil will be added and transmitted during the 
R IC step to storage unit 123, during the T IC 
step to storage unit 121, during the U IC step to 
storage unit 122, and during the V IC step to 
storage unit 120 and at that point the printer 
unit will be called in to print the sum placed in 
storage units 120, 121, 122, and 123. This pro- 
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gram may be used if it is desired to check the 
relay storage units. 
Another printing program is: 



Fa Pft Pr 
0 0 0 



2 



Qr 
151 



Bs 



B6 
2 



Br 
161 



SHI 
0 



GP1 
02 



Tj T6 Tr U» U6 Ur Vs Y6. Vr SH2 OP2 S2 
2 3 010 2 4 Oil 4 5' 012 5 IS 02: 

This program assumes that numbers to be 
printed are already in relay storage units !20, 
(22, and 123. In carrying out the program, the 
number in relay storage unit 151 (Qr) is trans- 
ferred after a shift of ten places to the right to 
relay storage unit 121 (Rr being 161) and the 
printer is. called into operation to print the. num- 
bers in units 120, 121, 122, and 123. The second 
half of the program schedules a multiplication, 
with half correction (see Section 18) . The mul- 
tiplication can take place while the printing cycle 
is being performed. 



A third example is: 



Pj. P6. Pr 
2. 1 120 



Q6 
2 



Qr 
121 



Tj T6 
0 4 



Tr 
162 



Us 
Q 



Vb Ur 
0 0 



Ks 

2: 

Vs 
0 



m 

a 

Vb 
0' 



Er 
123 

Vr 
0 



SHI OP1. 

0. 01 

SH2 OP2 

0 01 



This program calls for accumulation of the 
terms in storage units 120, 121, and 123 and 
transmission of their sum to relay storage unit 
122 (Tr is 162) , in the manner described in Sec- 
tion 17b. Printing will take place under control 
of code number 162 in Tr after the sum has been 
transferred to storage unit 122. The terms in 
relay storage units 120, (21, and 123 will be 
printed alongside the sum in unit (22. 

A fourth example is: 



Pj PS Pr 
2 t 010 



T * Tb 
2 4 



Tr 
121 



V* 

2 



2 

Vb 
5 



Qr 
Oil 

Ur 
122 



Ks B» 
4 3 



Vs 
4 



V5 
6 



Er 
120 

Vr 

163 



SHI 
Q 

SH2 
0 



OP1 
02 

OP2 
10 



10 



15. 



20 



25 



30 



35 



40 



The first half of this program calls for addition 
of numbers in units 010 and Oil and entry of 
their sum in (20 (see Section 17). The second 
half of the program calls for multiplication (see 
Section 18) of factors from 121 and (22 and entry 45 
of the product into 123 (Vr is 163). Since Vr is 
163, the sum in 120, the factors in 121 and 122 
and the product in 123 will all be printed on the 
same line. This fourth example will be explained 
below in greater detail. 5.0, 

When signal AT is given to. signal the fact that 
all transmissions called for by preceding pro- 
gram have been completed, heating relay XT or 
Y7, as the case may be, is energized (Section 16b, 
Item 37) and closes contacts to heat the In code 55 
sequence storage circuits (Figs. 51, 52a and 52b) , 
Referring to Fig. 52o, the heating of the relay 
storage Unit Ins pyramids causes the R pyramid 
set at 120 to pick up Unit In (20, in the manner 
described in Section 11. The heating of the V 60 
pyramid, set at 163, also causes relay storage 
Unit In 123 to be energized, since the output line 
163 is connected to the output line 123. 

For each of the five possible In fields Q, R, T, 
U, and V, a printer start sequence storage circuit 65 
is provided to select the printer for operation 
under further control of a pilot unit signal PrSt 
(also see Fig. 80c). The left-hand side of Pig. 
52b shows one such sequence storage circuit, as 
typical. Assume this is the circuit related to 70 
field V. In the present example, the code num- 
ber 1 63 is in subfield Vr. Accordingly, with con- 
tacts XTe or YTc made, a circuit path is closed 
between the apex of the Vb tree and a line PRS, 
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X7c, now-closed contacts sit (Vs is 4) , contacts 
rZQQt, rflOOi, and r200i all closed because the code 
number in Vr is not as high as 200; thence via 
contacts rIOQi, r40£, and rZQt now all closed be- 
cause the code number in Vr is 163 which is be- 
tween 160 and 169. The circuit path continues to 
line PRS via rlOi, rZt, and rAt, all remaining 
closed because the code number in Vr is not above 
163. It- is seen that the above circuit path is 
closed when the code number in subfield r of an 
In field is 160; 161, 162, or 163. 

The line PRS is common to the printer start 
sequence storage circuits of all five possible In 
fields. 

The relay storage units 120, 121, 122, and 123, 

when selected for sending or receiving data do 
not produce. Forward or Back signals directly in 
the way described in Section 7. These four re- 
lay storage units may each send out a Forward 
or Back signal only if printer #1 has not started 
a cycle. The central blade of contacts bs of each 
of these four storage units is not connected di- 
rectly to the +150 v. line, but is connected to., a 
line bsp indicated as a dotted line in Fig. 29. 
This line connects to one of the lines bsp in 
Fig. 37a. If the printer has not been started, 
then a path is closed from the +150 v. line (Fig. 
87a) via cam contacts CI 3, normally closed re- 
lay contacts R2a, certain safety contacts which 
need not be explained here, and via plugging to 
the four lines bsp and through contacts bs (Fig. 
29) , if shifted, of Unit Ins 120, 121, 522, and 123, 
and through contacts bs of the selected Group 
Ins to buses 81 of the related In bus-sets. Re- 
lay storage units 120, 121, 122, and 123 also can- 
not produce a Forward signal unless the printer 
has not started operation, because the Forward 
signal path has to be made via the central blades 
of the bs contacts for these storage units. 

Assume the printer unit is in condition to allow 
Bac'x signals to be produced and that Unit Ins 
120 and 123 and Group Ins 3 and 6, in the se- 
lected example have already been energized be- 
cause of the heating of the In sequence storage 
pyramids. Back signals will be applied then to 
pilot units 3 and 6. Assume the Presense signal 
also has been applied to the pilot units. Ac- 
cordingly, in the manner described in Section 
17, Item 23/, the trigger 33-3CP (Fig. 80c) in 
each of pilot units 3 and 6 is turned, cutting 
off 2Sa-3CP to produce the signal RDL. At the 
same time, 26a-3CP acts through I0-3CP to turn 
0-3CP and I3-3CP. The turning of I3-3CP 
cuts off I4-3CP to prepare the pilot unit for 
transmission response to the "3" signal from a 
scanning spot. The turning of IB-3CP cuts off 
9-3CP, so that 5 produces the negative Reset' 
signal. The Reset signal cancels the selected re- 
lay storage unit. The RDL signal initiates the 
operation of the Reset Delay counter in Fig. 80d. 
This counter produces, after some 15 ms., the 
pulse RDL #2 in order to turn 28-3CP for condi- 
tioning 22-3CP. 

When IQ-3CP turned, it cut off 9-3CP. This 
caused 5-3 CP to produce the Reset signal. At 
the same time, 9-3CP made (-3CP conduct and 
produce the negative signals PrS£. In this way, 
selected pilot units 3 and 6 produce signals 
PrSi3 through contacts bs (Fig. 29) , if shifted, of 
Unit Ins (20, (2 i, (22, and (23, and through con- 
tacts bs of the selected Croup Ins to buses 8 ( of 
the related In bus-sets. Relay storage units (20, 
(2 , 122, and (23 also cannot produce a Forward 
signal unless the printer has not started opera- 
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made via the central blades of the bs contacts 
for these storage units. 

Assume the printer unit is in condition to allow 
Back signals to be produced and that Unit Ins 
120 and 123 and Group Ins 3 and 6, in the se- 
lected example have already been energized be- 
cause of the heating of the In sequence storage 
pyramids. Back signals will be applied then to 
pilot units 3 and 6. Assume the Presense signal 
also has been applied to the pilot units. Accord- 
ingly, in the manner described in Section 17, 
Item 23/, the trigger 33-3CP (Pig. 80c) in each 
of pilot units 3 and 6 is turned, cutting off 
2 6a-3 CP to produce the signal RDL. At the same 



(and Forward) signal feed line, associated with 
the printer unit, closed until sufficient time has 
been given for all the Forward and Back signals 
from relay storage units 120, 121, 122, and 123 
5: to be sent to the selected pilot units. For this 
reason, Rl when energized closes contacts Rib to 
shunt the contacts R2a opened when R2 is ener- 
gized. 

The relay Rl will be dropped upon the ending 
10 of the signal PrSt from the pilot unit selected 
by the field which also selected the printer for 
operation. As explained in Section 17, Item 24, 
when all the conditions for transmission have 



been produced in a pilot unit, the Reset signal 
time, 26a-JOF acts through 1 9-3CP to turn 15 lasts at least 15 ms. It is terminated under con- 
I0-3CP and I3-3CP. The turning of I3-3CP cuts joint control of turned triggers 28, Fig. 80c, and 
off I4-3CP to prepare the pilot unit for transmis- 16, Fig. 80c. The trigger 28 is turned by the 15 
sion response to the "3" signal from a scanning ms. delay RDL #2 pulse and 16 is turned to 
spot. The turning of I0-3CP cuts off 9-3CP, so produce the transmission signal ES to In. When 
that 5 produces the negative Reset signal. The 20 both 28 and 16 are turned, 22 conducts and re- 



Reset signal cancels the selected relay storage 
Unit. The RDL signal initiates the operation of 
the Reset Delay counter in Fig. 80d. This coun- 
ter produces, after some 15 ms., the pulse RDL 
#2 in order to turn 28-3CP for conditioning 25 
22-3CP. 

When I0-3CP turned, it cut off 9-3CP. This 
caused 5-3CP to produce the Reset signal. At 
the same time, 9-3CP made (-3CP conduct and 
produce the negative signals PrSt. In this way, 30 
selected pilot units 3 and 6 produce signals 
PrSt3 and 6. These signals are applied to the 
correspondingly numbered inputs at the bases of 
the b trees in the printer start sequence storage 
circuits, one of which is shown in Fig. 52b. These 35 
trees are set according to digits in the subflelds 
b of the fields Q, R, T, U, and V. Depending on 
the setting of these trees, they route the signals 
PrSt to the apexes of the trees. In the example. 



sets 10, Fig. 80), thus ending the Reset signal. 
At the same time, the return of 1 0, Fig. 80c, ends 
the signal PrSt, so that relay Rl (Pig. 87a) is 
deenergized. 

In the example, signal PrSt6 has caused relay 
Rl to be energized. When the V3 signal is given 
by the scanning spot V (Fig. 78ft) , the remain- 
ing condition for causing selected pilot unit 6 to 
produce transmission signal ES6 to In has been 
met. Assuming pilot unit 6 also has produced 
its RDL #2 pulse, the signal PrSf6 ends, so that 
relay Rl is deenergized. At this stage, the scan- 
ning sequence has been completed, the accumula- 
tion scheduled by the first half of the program, 
line has been completed and the sum transferred 
during the R IC step into relay storage unit 120. 
The multiplication called for by the second half 
of the program line has been completed arid the 
transmission signal has been given to transmit 



the trees b for storing the digit in subflelds Rb 40 th , e P rod uct into the relay storage unit 123. 

selected by code number 1 63 in subfield Vr. The 
return of 10, Fig. 80c, to end the Reset and 
PrSt signals also has turned 1 1 to initiate op- 
eration of the TR delay counter in Fig. 80d. 
After a 7% ms. delay, this counter ends the trans- 
45 mission signal, by which time the result has been 
safely entered in the selected relay storage unit. 

Relay Rl (Fig. 87a) was dropped 1V 2 ms. be- 
fore transmission ended, as described above. 
The printer unit operates at the rate of 150 cycles 
a minute, so that more than 50 ms. elapses be- 
tween start of a printer cycle and the "9" read- 
out interval, which is the first in the cycle. Ac- 
cordingly, it is safe to clutch in the printer for a 
cycle when relay Rl is dropped. 

The clutch magnet circuit i s established from 
ground via cam contacts C3, now-reclosed con-, 
tacts Rlc, now-closed contacts R2b, now-closed 
contacts STDad, and through clutch magnet 
PRM, to the +50 v. line. 

A print cycle now occurs to cause the results 
in relay storage units 120, 121, 122, and 123 to 
be printed, in the manner described before. 

Several lines of sequence may be run off dur- 
ing the time taken by the print cycle. However 



and Vb are set at 3 and 6, respectively. Ac- 
cordingly, the signals PrSt3 and 6 are routed 
through the Rb and Vb trees, respectively. The 
contacts X7 or Y7, as the case may be, are closed 
so that they allow the signals to go further. The 
contacts sit of the R and V printer start sequence 
storage circuits are closed. Accordingly, the sig- 
nals PrSt3 and 6 are routed to the r contacts in 
the R and V circuits. Only number 163 in the 
subfield Vr is one of the printer code numbers 50 
160, 161, 162, and 163. Hence, only the V printer 
start sequence storage circuit passes the signal 
PrST to line PRS. This line connects to the same 
designated line in Fig. 87 a. The signal PrSt is a 
reduced potential on the line PRS and hence, a 5g 
circuit is completed through start control relay 
Rl, to the +150 v. line which energizes this re- 
lay. The relay Rl closes its points a to establish 
a pick-up circuit through a relay R2. Relay R2 
closes its contacts /, which together with cam 
contacts C2, establish a stick circuit for relay R2. 

Relay R2 opens its contacts a in the Back (and 
Forward) signal feed line but before this, the 
relay R I closes its contacts b to maintain the sig- 
nal line closed, 
or Back signals 
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This is done to enable Forward ~* B . uy " Ilc pllnl c y cle - Hme 

to be produced by any three of tf J™ ne ** llne of sequence following the 



the relay storage units 120, 121, 122, and 123 
which have not been selected by printer codes 
160, 161, 162, and 163. The relay storage unit 



which called the printer into operation also 
schedules the printer for operation, such next 
line of sequence will not be completely run off 
selected by the printer code may produce its Back 70 until the printer has finished setting the types 
signal before the other relay storage units pro- 
duce their Back or Forward signals. The relays 
Rl and R2 therefore may be energized before all 
the required Forward and Back signals have oc- 



to print the results last put into storage units 
120, 121, 122, and 123. This is because the Back 
signal feed line from the printer will be open 
after relay R2 has been energized and relay Rl 
curred, and it is desired to maintain the Back 75 dropped. At that point, the print cycle also be- 
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S&n. Neither Back nor Forward signals now can 
toe produced by storage units 120, 121, 122, and 
123. Cam contacts C2 open at 18 degrees index 
time, so that the stick circuit of R2 breaks. But 
cam contacts CIS in the signal line open before 
relay R2 is dropped, so that closure of contacts 
R2a does not reestablish the Back and Forward 
signal feed path. At 162 degrees of the cycle, 
after the types for printing the results have all 
been set, contacts CI 3 reclose and allow the 
signal feed path to reclose. It is possible now to 
send Back signals from storage units 120, 121, 
123, and 123 to the pilot units. The pilot units 
may, in response, send new Reset signals to these 
units and a selected one of the pilot units may 
send out a signal PrSi. The storage units may 
be safely reset at this time because their data 
have been read out and the types have been set 
accordingly. New data may be read into these 
units now. The new signal Pr&t may operate now 
to pick up Rl. The clutch magnet circuit will 
be opened when cam contacts C 3 remake at 210 
ttegrees index time, and so the printer unit may 
continue to perform a second cycle for printing 
the new data entered into any one or all of the 
storage units 120, 121, 122, and 123. 

23. Signal data, the drain circuit, control desk, 
and the pluggable number storage 

Three signals are necessary to restart of a com- 
mutator run. These are the all-entry delay sig- 
nal AED, sequence transmission delay signal 
STRD I , and the scanning finish signal FC. 

The signal AED (Section 16b, Item 27) . — Signal 
AED indicates that some 15 ms. have elapsed 
since signal AE was given to manifest the fact 
that all entries into electronic storage were com- 
pleted during a commutator run. The STRD I 
signal is given approximately 30 ms. after the 
start of sequence transmission. Sequence trans- 
mission, as described in Section 16o, Item 31, is 
timed by signal SW which is initiated under con- 
trol of the signal AE. Therefore, signal AED 
precedes signal STRD I by approximately 15 ms. 
and in no way affects the time of commutator 
restart. The purpose of using signal AED as a 
condition to commutator restart is to provide an 
early check against operations involving the phas- 
ing circuits for the heating relays X2 to X6 and 
Y2 to Y6 of the Out sequence storage circuits. 
By the phasing circuits is meant the circuits for 
controlling the alternation in operation of the A 
side relays X2 to X3 and the B side relays Y2 
to Y6. The phasing circuits for these relays in- 
volve the triggers 22 and 28 in Fig. 75e. These 
triggers must be in relatively opposite states in 
order to cause the A or B side heating relays for 
the Out sequence storage circuits to be energized. 
To begin with, both triggers are in the reset 
status. The first STR signal turns 28 (Section 
16b, Item 9), and the triggers 22 and 28 are then 
in such relatively opposite states as to conjoint- 
ly control the phasing circuits to pick up the 
A side relays X2 to X6. The next AE signal 
reverses 22 (Section 16b, Item 28) and the trig- 
gers 22 and 28 are then in the same, turned 
state, with the result that the X2 relay is de- 
energized. Also, the AE signal causes the heat- 
ing relays X3 to X6 to be deenergized. The fol- 
lowing STR signal returns 28, Fig. 75e (Section 
16b, Item 36) . Now, both 22 and 28 are in rela- 
tively opposite states which are also reverse to 
the previous opposite states. Consequently, the 
phasing circuit is in condition to cause the B 
Side relays Y2 to Y6 to be picked up. It is evl- 



266 

dent that both the AE and STR signals are neces- 
sary to the proper control of the alternation or 
phasing of the heating relays for the Out se- 
quence storage circuits. It is necessary to have 

5 some assurance that these signals have reached 
the control frame. If the signal AE is lost at 
the control frame, it is clear that the phasing 
circuits will not operate correctly even if the 
STR signal later reaches the control frame. If 

10 the delay signal AED were not used as a condi- 
tion to commutator restart, then the STRD I 
signal and the FC signal would conjointly re- 
start the commutator although an error had oc- 
curred. By utilizing the signal .AED as a con- 

15 dition to commutator restart, the fact that the 
signal AE is lost at the control frame would pro- 
duce a block on commutator restart. 

Signal ST.RD1 (Section 16b, Item 12). — This 
signal is a timing signal for commutator restart 

2o as well as a check signal. It occurs about 10 ms. 
after signal STR. At the time the STRD I signal 
is produced, the AE signal is expected to have 
dropped out the heating relays for the active side 
of the Out sequence storage circuits and, con- 

25 sequently, all the old Forward signals have been 
removed. Also, the STR signal has occurred and 
has caused the heating relays for the other side 
of the Out sequence storage circuits, including 
the heating relay for the SI, S2 pyramids, to be 

g0 energized so that new Forward signals will be 
issued. Therefore, it is safe now to produce a 
new signal OCO (Which follows commutator re- 
start) for acting in conjunction with the new 
Forward signals to time the piloting of entries 

35 into electronic storage from Out bus-sets. 

Signal FC (Section 16b, Item 26-2) .—This sig- 
nal is an indication that the scanning sequence 
performed by the commutator spots P, Q, R, T, U, 
and V (Figs. 78c to h) during a commutator run 

40 has been completed. Therefore, as far the scan- 
ning sequence is concerned, a new commutator 
run may start. 

Presense signal NPR (Section 16b, Items 21 
and 23). — As the name indicates, this signal af- 
fords advance conditioning of a pilot unit selected 

4j to pilot transmission from electronic storage to a 
selected receiving unit. Signal NPR lasts for only 
a single AP pulse cycle. But the effect of the 
signal is stored in the selected pilot unit by re- 
versing triggers 29 and 30 in 3CP (Fig. 80c) of 

5U the pilot unit. The stored presense signal in 
conjunction with the Back signal from the 
selected receiving unit initiates operation of the 
pilot unit to produce the Reset signal for re- 
setting the receiving unit before the pilot unit 

& ° normally is ready to pilot the data transmission 
to the receiving unit (see Section 17, Item 24). 

The presense signal is given under control of 
the all-transmission delay signal ATD (see Sec- 
tion 16b, Item 38) no sooner than two AP pulse 

■ cycles after the start commutator signal SCM 
(see Section 16b, Item 21). Prior to this, the 
signal AT will have dropped out the heating re- 
lay X7 or Y1 of the In sequence storage circuits 
(see Section 16b, Item 37). Hence, a new Pre- 

tti> sense signal will not coact with an old Back sig- 
nal to control the selected pilot unit for pro- 
ducing the Reset signal and to condition the 
pilot unit for transmission in response to the "3" 

70 signal from an IC scanning spot of the com- 
mutator. The start commutator signal SCM 
originates the a or b heating signals for the pilot 
units selection trees. The Presense signal does 
not occur sooner than two AP pulse cycles later, 

75 which provides adequate time for dissipation of 
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cross-talk produced upon the heating of the 
Presense trees (Pig. 55). 

Signal FSR. — As indicated in Section 16b, Item 
24a, this signal turns all the triggers 7, Pig. 80b, 
to condition the Forward signal delay counters 
.to respond to Forward signals. Normally, the 
signal FSR does not occur until all three condi- 
tions for commutator restart have been met 
(see Section 16b, Item 39) . When these three 
conditions are met, I4W (.Fig. 780 conducts, and 
not only turns I5W, but also returns 24 W from 
itc previously turned state (see Section 16b, Item 
24a) . The next AP pulse again turns 24W, caus- 
ing it to reverse 29W, for one AP pulse cycle, 
so as to produce signal FSR. Obviously, a For- 
ward signal is not usable until the signal STRD( 
(one of the timing signals for commutator re- 
start) has been given, as the Group and Unit 
Out relays selected upon the heating (timed by 
the signal STR; see Section 16b, Item 36) of 20 
the Out sequence storage circuits may still be 
in the process of picking up. Therefore, until 
the Forward signal line (bus 81 of an Out bus- 
set) is expected to receive a true Forward signal, 
the Forward signal delay counter is held ineffec- 
tive to accept a voltage on the Forward signal 
line as a Forward signal. By rendering the For- 
ward signal line ineffective to actuate the For- 
ward signal delay counter until at least the sig- 
nal STRDI has been given, the possibility is 
reduced of an advance of the Forward signal de- 
lay counter by a stray pulse that might appear 
on the Forward signal line concurrently with an 
AP pulse. If the delay counter were allowed to 
advance under control of an extraneous pulse on 
the Forward signal line, the desired delay be- 
tween the appearance of a true Forward signal 
and the production of the signal FSD would be 
shortened. By holding back the signal FSR until 
after the signal STRDI has been given, suf- 
ficient time is provided for transients on the 
Forward signal line to disappear before the For- 
ward signal delay counter is ready to accept a 
Forward signal. 

Should the scanning completion signal FC ap- 
pear after the STRDI signal, as may be the case 
if a large capacity calculation such as multiplica- 
tion or division is performed, the Forward sig- 
nals associated with the next line of sequence 
may arrive at the pilot units before signal FC 
is given. If the Forward signal delay counters 
were in condition to accept the Forward signals, 
then the Forward signal delay pulses FSD would 
be produced and would turn 25, Fig. 80b, so as to 
set up the entry interlock (see Section 16b, Item 
24b, and Section 17, Item 15b). However, the 
signal FSR will not be given until all conditions 
for commutator restart have been met, includ- 
ing the condition that the signal FC shall have 
been produced, so that the Forward signal delay 
counter will not be in condition to accept For- 
ward signals even though such signals may have 
been applied to the pilot units as a result of the 
STR signal having been given before the signal 
FC. In the absence of this precaution, the entry 
interlock would operate to prevent the signal Tl 
or TJI, for example, from functioning to produce 
the signal ES to Int required for a yet uncom- 
pleted scanning sequence (see Section 17, Item 
26) . 

It may be noted that the signal FSR operates 
on all eight pilot units to turn their triggers 7, 
Fig. 80b, while the return of these triggers by 
the Forward signal delay counters is on an in- 
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is not used in one run for piloting Out code data 
but is to be so used in a subsequent rim, its 
trigger 7, if left unrestored, would allow the For- 
ward signal delay counter to accept stray pulses 
as Forward signals. To avoid leaving any triggers 
7 in turned status, the signal AE acts to reset 
all the triggers 7 (see Section 17, Item 15d7. 
Therefore, the Forward signal receiving circuits 
are open to acceptance of signals only for the 
period starting with signal FSR given shortly be- 
fore signal OCO and ending with signal AE 
which indicates that all entries required for a 
commutator run have been made from the Out 
buses to electronic storage. 

Signal AT. — This signal has been discussed in 
previous Sections 16a, 16b, and 17. The signal 
AT may be delayed if transmission called for by 
an In field during a run has not been completed 
because of a lagging Back signal, for example. 
Thus, if a printer cycle (Fig. 86) is taking place, 
a new commutator run may have set up two of 
the conditions for a new transmission to a stor- 
age unit which is associated with the printer 
unit. However, until the cam contacts CI3 re- 
close at 162 degrees cycle time, a Back signal 
will not be given (see Section 22a) and so the 
third condition for transmission (Section 17, 
Items 23 and 24) will be lacking. Therefore, the 
signal AT will be delayed. Meanwhile, a new 
commutator run may start (see the last portion 
of Section 17). However, the pilot unit which 
has been locked up for transmission will be un- 
able to produce signals Out to ES, ES to Int, 
or Int to ES because the signal TR Ink will still 
be effective (see also Section 17a) . 

Although absence of the signal AT required by 
a commutator run does not prevent a next com- 
mutator run from starting, it does prevent a 
second next run from starting. This is because 
the signal ATD is required in order for the 
presense signals SPR and NPR to be produced 
(see Section 16b, Items 21 and 38) for the new 
run. Since the signal SPR is not given, sequence 
transmission during the new run is delayed (see 
Section 16b, Item 23 and Section 17, Item 23/). 
Hence, a new signal STR will not be given and 
the delay signal STRDI will not occur, and so 
this condition for a following run will not be 
present. In this way, the commutator is pre- 
vented from getting too far ahead of transmis- 
sion. 

The drain circuit. — This circuit may be used, 
when desired, to stop the machine if signals STR 
do not follow one another within a chosen limit 
of time. The signal STR indicates that a new 
line of sequence has entered sequence storage. 
The time between successive signals STR varies 
according to the source of the sequence data and 
according to the nature of the calculations being 
60 performed and whether or not printing is being 
effected. Elapsed time between signals STR 
usually is from about 20 to 40 ms. but if print- 
ing is taking place, the elapsed time may be 
about 400 ms. It may be desired to stall the 
machine if the elapsed time between STR signals 
exceeds, say, 15 seconds. For this purpose, the 
drain circuit may be put into use. 

The drain circuit includes a gas tube 8, Fig. 77a, 
which is shunted by a pair of parallel 5 mf . con- 
densers, suitable resistance being provided be- 
tween the anode of tube 8 and the condensers, 
and between the tube anode and the +150 v. 
line. The constants of this circuit are so chosen 
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dividual pilot unit basis. Hence, if a pilot unit 75 that the condensers will be charged sufficiently in 
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15 seconds to apply effective voltage to a cathode CNC Is opened, all the cancel circuits of the group 
follower tube 3 to make this tube conduct. If the are operated but if this switch is left closed, 
STR pilot signal (negative) is given less than 15 the opening of the individual cancel switches 
seconds after the preceding STR signal, it will places only the related cancel circuits in opera- 
cause the tube 8 to conduct and drain the con- 5 tion. As respresentative, the control desk cancel 
densers before they can render the tube 3 con- control circuit for the MD internal commutator 
ductive. The STR pilot signal is inverted by 6a, (Section 14) is shown in Fig. 77aa. Upon the 
Fig, 78k, to a positive pulse which is applied via opening of switch CNC or MVenc, ground is dis- 
a capacitor to the grid of cathode follower tube connected from the grid input of the tube HI 8a 
3a, Fig. 77a - The tube 3a thereupon renders 10 (also see Fig. 65e), and the potential from the 
tube 8, Fig. 77a, effective to drain the 5 mf. con- +150 v. line is effectively applied to the grid in- 
densers. if this action does not occur in time, put, causing the tube to conduct. Thereupon, 
the tube 3 will be made conductive and cause Just as when HI8 is rendered conductive un- 
tubes 9, 9a and 13 to produce reduced potential der control of the M-PRE or D-^PRE signals (see 
on the line Stall. Reduced potential on this line 15 Sections 14a and 14b), tube H24 is cut off and 
establishes an energizing circuit through a relay applies increased potential to the cancel circuit 
STL (Fig. 77aa) . The relay thereupon shifts its MDC, As a result, the control triggers, except 
contacts a, connecting the +150 v. line to the line for those in K ^s. 65a and b, of the internal corn- 
Stop. This line connects to point b of start and mutator of the MD unit are reset, 
stop trigger 5 Fig 77a, and when increased po- 20 Similarly, the automatic control of any other 
tential is applied to point b of the trigger it is cancel circuit may be duplicated manually at 
actuated to the "stop" status, shown in Fig. 77a. the control desk, 



Hence, just as when this trigger is brought to this 
status by the operation of the stop key switch 



Fig. 77aa also shows the manual control for the 
Proceed signal which is ordinarly given by the 



(Section 17c), the sign of the result in the ac- 
cumulator is negative, the Proceed signal will 
not be given automatically, and sequencing will 
be halted. When it is desired to resume opera- 
tions, this may be done by sending out a Proceed 
signal under manual control. For this purpose, 
the switch Proceed CD at the control desk is 



P (Fig. 77aa), the tube 18a, Fig. 73fc, is cut off 25 accumulator^ unit. If, in ^lerance^check 
to apply increased potential to a grid of 14, Fig. 
78fc (see Section 16b, Item 14). If this occurs 
before the SE signal, then 9, Fig. 78&, still is in 

turned state and conditioning ! 4 to conduct when , . . „ 

18a is cut off. If the SE signal has already been 30 tions this may be done by sending out a Proceed 

given, then 9 is in reset state (Section 16b, Item 

29). The next STR signal will turn 10 and the . .. .. . . . 

later STRDI signal will return 10, causing it to opened, disconnecting ground from the nput of 

tun: 9 at which point the tube ,4 will conduct ^ I'lf^nX S°ffi£ 

and restore 17. As a result, the commutator will d5 :? „ !,„!«„„ +>L „ D ™«„„ iT,«„^ 

be unable to respond to the next STR pilot signal S" e J°is sent to ll <C c7£g 78A? 

and the machine will stop because a new STRDI «gf * J^** ™ f x ™% e of bow a con . 

^nSt^dXSSinlt. the start key switch ™ Snlf^S £t££S SSTk* 

c-TT-a —,,,.4. i „i 3 „ ' . . . . J , 40 manipulating a switch at the control desk. Nor- 

SKS must be closed The points b of toe relay mM £ tube 7 , Fig . 80a , is conductive, so that 
SKR close and apply voltage from the +h>0 v. tube Fig _ 80a is cut off and the negatiye entry 
el ™ e i ne Dram - ' p ausl " g f. ca t hode follower signal Dut fc0 Eg is not present . In the manner 
6, Fig. 77a, to render 8 conductive so as to dram described in Section 16b, Item 24b, the trigger 
mf - C0 ^ a ^ eT f-. „ , 14, Fig. 80a, is automatically reversed, during 
The control desk (Fia. 7).— The control desk 45 automa ti c sequencing, to cut off 7, Fig. 80a, 
is a manual switching center at which a dupli- whereupon I Fig 80a, is made conductive to pro- 
cate of practically every control circuit in the duce tne entry signal Out to ES. This signal may 
machine may be set up by manipulating switches be pr0 duced under manual control by opening the 
and keys. The control desk mounts control keys switch OES at the control desk, thereby remov- 
such as the start and stop keys (Fig. 77aa) ; also 50 ing the +150 v pot ential from the input to a 
mounts sets of dial storage such as the set de- gr jd 0I pentode 7, Fig. 80a. This tube is there- 
scribed in Section 8 and shown in Fig. 23, and by cut off and causes I, Fig. 80a, to produce signal 
carries the switches and keys for use in setting out to ES. 

up the artificial line of sequence (see Section 11 Pluggable storage.— Besides the memory or 
and Figs. 39 and 40), A keyboard and connec- 65 storage units described before, the machine pro- 
tions (not shown) are also carried by the control vides pluggable storage as a convenient means 
desk and operable to apply desired numbers to for applying constants to the Out bus-sets, to 
relay storage. be entered into electronic storage. Several 
Examples of circuits operable from the con- pluggable storage units are provided. Ten of 
trol desk are shown in Figs. 65e, 71a, 80a, and 60 these are designated by code numbers 610 to 
80c and the tube inputs of such circuit are 619, which may occur in subfields r of any Out 
marked by letters CD. Cancel circuits for the fields of a line of sequence. Fig. 89 shows a 
MD calculating unit, the accumulator unit, the typical sequence storage pyramid for bringing 
denominational shift unit, electronic storage, the pluggable storage into operation. This pyramid 
main commutator, the pilot units and every other 65 is the same as the Dial Storage pyramid shown 
unit desired, may be operated from the control in Fig. 47c as far as the r 10's tree, but extends 
desk as well as automatically. A group of cancel through this tree to its "1" output. The "I" out- 
circuits, such as for the MD unit, accumulator put is directed to the top of an r units tree 
unit, denominational shift unit, and main com- 70 (see Fig. 88), the ten outputs of which are 
mutator may be operated individually or to- plugged to ten relays PSG6I0 to 619. As is un- 
gether at the control desk. Fig. 77aa shows the derstood, there is a similar pyramid for each 
common cancel switch CNC for the group and of the possible Out fields P, Q, R, T, and U and 
the individual MD and accumulator cancel the corresponding outputs of the r units trees 
switches MDcnc and ACCcnc. If the switch 75 of these pyramids are commoned. Hence, if any 
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Of these Out fields contains one of the numbers 
610 to 619 in its subfield r, the correspondingly 
numbered relay PSG is energized. 

Upon energization of a relay PSG610 to 619, 
it connects twelve relay contacts a I to a 12 (Fig. 
89) of the correspondingly numbered pluggable 
storage unit to the +150 v. line. The contacts of 
the respective relays PSG6I0 to PSG6I9 are 
wired to plug sockets PSP6I0 to PSP6I9. These 
sockets are plugged, according to numbers to 
be applied to Out bus-sets, to plug sockets PSOP. 
There are eight groups of sockets PSOP, one for 
each Out bus-set. Each group includes columns 
1 to 20 sockets which are wired directly to 
columns 1 to 20 buses of the related Out bus- 
set; each group also includes a socket 81 wired 
to bus 81 of the Out bus-set and plugged for 
the Forward signal. 

Assume, for instance, that pluggable storage 
unit 610 is to apply the value +787 to Out bus- 
set I. Accordingly, as shown in Pig. 89, one 
of the sockets PSP 610 is plugged to socket 2 
of column 1 of group I of sockets PSOP in order 
to provide for the + sign, three of the sockets 
PSP6I0 are plugged, respectively, to sockets 4, 
2, and I in column 18 of group I of sockets PSOP, 
another of the sockets PSP610 is plugged to 
socket 8 of column 19, three of the other sockets 
PSP6I0 are plugged to sockets 4, 2, and I in 
column 20, and in order to send the necessary 
Forward signal to Out bus I along with the num- 
ber, one of the sockets PSP6I0 is plugged to 
socket 8 1 of the PSOP group I . Thus, when the 
code number 6 1 0 is in a subfield r of an Out field 
the related Out sequence storage pyramid (Fig. 
88) which receives this number is effective, when 
heated just prior to a commutator run, to pick 
up relay PSG6I0. Consequently, the selected 
number 787 and a Forward signal are applied to 
Out bus-set I. 

As further examples, Fig. 89 shows unit 612 
plugged to apply number 26 to Out bus-set 2 
and unit 614 plugged to apply 5 to Out bus-set 6. 
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quence. Some cases in which modified sequence 
is employed are given below. 

Case 1. A computed selection of the sequence 
path. — Since a line of sequence determines the 

5 calculation path this case also may be referred 
to as involving a computed choice between two 
or more paths down which subsequent calcula- 
tions will follow. The selection of the sequence 
path or calculation path is controlled by the SI 

10 and S2 code numbers. This case therefore deals 
with the computation of the SI and S2 code num- 
bers. One application of this case is in problems 
including iteration, and as will be seen, the result 
of the iteration operations not only determines 

15 which path of calculation is to follow but also 
the length of the calculation program. As an 
example, the sequence path for the iteration may 
be considered as made up of successive lines of 
sequence on tapes. In this iteration program 

20 to be taken as an illustration, only five lines of 
sequence are required and this series of five lines 
may be repeated twelve or more times on the 
tapes. This is done for mechanical expediency 
and to save the time which would be used up in 

25 backing the tapes to return to the first line if 
only a single series were to be used. 

The iteration program is to be repeated until 
a stable condition is reached, as is done for in- 
stance to obtain a square root by the Newton 

so formula: 
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35 



As an example, suppose it is desired to solve 

-6 + (6 2 -4ac)« 



2a 



where (b 2 — 4ac) is N. 



Typical sequencing is explained below and con- 
stants and plugging will be explained in connec- 
tion with the sequence lines. 
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24. Computed or modified sequence 

For some problems the course and characteris- 
tics of the calculations have no deviations and 55 
lines of sequence with prechosen sequence and 
calculation instructions may be used. For other 
problems the course or character or extent of 
calculations varies according to computed results 
and completely preselected sequence lines are not 60 



The left half of this line calls for —6 in storage 
unit 010 to be multiplied by itself, for b 2 to be 
rounded off and shifted four places to the right 
and for the shifted result to be sent to ES3. The 
second half of the line calls for multiplication 
of constant 4 in unit 0 1 2 by the term a in unit 0 1 3 
and for 4a to be sent to ES6. The respective SI 
and S2 numbers 32 and 31 select the next line of 
main sequencing for the problem. 
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suitable. Through the use of simple computable 
numbers as sequence instructions and by reason 
of other features of this machine, lines of se- 
quence and sequence instructions may be com- 
puted to steer the course, nature or extent of 
subsequent calculation. A line of sequence in 
which one or more instructions are obtained by 
computation is called here a modified line of se- 75 



The left half of the second line instructs the 
machine to multiply 4a in ES6 by the term c in 
storage unit Oil, and to take the product and 
store it in ES2. The right half of the line calls 
for subtraction from b 2 now in ES3 of 4ac, and 
for half correction and shift of the result followed 
by its entry into ES5 and transmission to storage 
unit 128. The result b 2 — 4ac is the number N in 



in 



the Newton formula. The SI and S2 numbers 
call In the iteration sequence: 
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quence. Thereafter in the same V' IG step the 
sign of the result of t—d is entered in the left- 
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Xi, a first guess, has been preliminarily put into 
storage unit 031. The number N has been cal- 
culated by the first two run-off lines of main 
sequence and transmitted to storage unit 128. 25 
The first line of the iteration sequence directs 
the machine to obtain N/Xt and enter the shifted 
result into ES2, then to take Xi from ES5 to 
which it has been sent from unit 031 and add 
it to the result in ES2, thereby obtaining 30 
Xt+N/Xi which is put into ES3. 

The second line, first half, of the iteration se- 
quence multiplies the result Xi+N/Xt of the pre- 
vipus run by 5 taken from pluggable storage (see 
Section 23) and shifts the product one place to 33 
the right, which is equivalent to dividing by 10, 
so that the result sent tP ES5=(Xi+iV/Xj)/2. 
This is the first calculated approximation of the 
square root and is denoted by Xs+i, which is to 
be used to obtain a tolerance. The tolerance is 40 
computed in the second half of the sequence run 
by shifting Xi+i five places to the right, which is 
equivalent to dividing it by 10 5 , and sending the 
answer, which is the tolerance t, to ESI. 

The third line of the iteration sequence con- 45 
trols the machine to subtract Xt, in storage unit 
031, from X1+1, which was put into ES5 during 
the run-off of the first half of the second line 
of the iteration sequence; and to subtract from 
the tolerance t in ESI the absolute value of the 59 
difference d between X1+1 and Xi, then to shift 
the result of t—d nineteen places to the right. 
This discards the numerical value of the result 
and leaves only the sign of the result to be sent 
to ES3 from the sign storage triggers 2M and 55 
6M (Fig. 78a) . If the difference d is within the 
tolerance t, then t—d is plus but if d is greater 
than t, the result is minus. The + or — sign is 
transmitted from ES3 to column 1 of relay stor- 
age unit 1 5T- This storage unit has been pre^ 60 
liminarily plugged for its two halves to he reset 
and receive data independently (see Section 7). 
The reset plugging is from socket 82 of 7RS-GJP3 
(see Pigs. 29, 30, and 90) to socket 82 of 
7RS-GIPP and from socket 82 of 7RS-GIPF, for 65 
example, to socket 84 of 7RS-GIPP. The entry 
plugging is such as described in Section 7, in this 
ease, column 1 sockets 2 and I only, of 7RS-G1P3 
need be plugged to column 1 sockets of 7RS-GIPP 
while column 20 sockets of 7RS — GIPI are plugged 70 
to column 20 sockets of 7RS-GIPP. Only the left 
half of the relay storage unit 1 57 will be reset by 
the Reset signal applied to bus 82 of In bus-set, 3 
during the IC step of the V spot (Pig, 787i) in the 
running off of the third line of the iteration se- 75 



31 
or 
21 

hand column of the left half of relay storage unit 
157, in the manner understood from Section 17, 
Item 24. Preliminarily, the constant 5 has been 
entered in the right-hand column of the right 
half of this storage unit through the plugging 
shown in Pig. 90. Since only the left half of the 
storage unit now has been reset, the right half 
remains set. with 5 in the right-hand column. 

Now standing in relay storage unit 157 is ±5. 
Pluggable storage (see Section 23) has prelim- 
inarily been set to apply number 27 to Out bus- 
set 3 when called on to do so. The Q field of the 
fourth line of the iteration sequence directs the 
machine Isq enter 27 from pluggable storage to 
ES3. The P field of this line directs the number 
in relay storage unit 157 to be entered in 
ES5. The plugging between 7RS-GOP5 and 
7RS-rGQpp to allow the entire relay storage unit 
157 to be read out to Out bus-set 5 is shown in 
Pig. 90. It is seen that although the two halves 
of a storage unit may separately receive data, 
they may be plugged to apply their data to the 
same Out bus-set or to separate Out bus-sets. 
The addition of ±5 and 27 occurs in the P OC and 
Q OC steps of the fourth run in the iteration se- 
quence. In the following R IC step, the result 
32 or 22 is transmitted to relay storage unit 152 
(see Section 17, Item 24). In the T OC step 
the constant 26 is directed from pluggable stor- 
age to ES2 and thence to the accumulator, after 
which the number ±5, which was sent to ESS 
by unit 157 during the P OC step, is applied to 
the accumulator during the U OC step. The ac- 
cumulation of 26 and ±5 occurs and the result 
3,1 or ?l is transmitted during the V IC step to 
relay storage unit 153, 

Now present in relay storage units 1 52 and 1 53 
are. computed SI and S2 numbers. 

The fifth line of the iteration sequence bears 
the SI number 52 and the S2 number 53. The 
SI, S2 pyramids are set with these numbers dur- 
ing the fifth commutator run of the iteration se- 
quence, The sockets SGP52 and 53 are pre- 
liminarily plugged to RSGP7-2 and 8-3, re- 
spectively, as shown in Pig. 53b. The sockets 
SUP52 and 53 are plugged to sockets RSUP 1 52 
and 153, as shown in Pig. 53a, Accordingly, the 
relay storage units 152 and 153 are called to read 
put a line of sequence to Out bus-sets 7 and 8 
This line of sequence consists of the computed 
SI and S2 numbers obtained during the iteration 
sequence. In order tp apply these numbers to 
the Si columns 19 and 20 of Out bus-set 7 and to 
the S2 columns 19 and 20 of Out bus-set 8, plug- 
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ging, as shown in Fig. 90, is between columns 19 
and 20 of sockets 2RS-GOPP and 2RS-GOPT 
and between columns 19 and 20 of 3RS-GOPP 
and 3RS-GOP8 (see Fig. 90). Hence, in the 
fifth commutator rim of the iteration sequence, 
the next, computed line of sequence is called out 
from relay storage units 1 52 and 1 53 and trans- 
mitted to sequence storage (see Sections 16b and 
17). 

The computed line of sequence just trans^ 
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I, column 19 and socket 2, column 20 of 
TRS-GOP8. Socket I, column 1 of 7RS-GOPP 
will be plugged to sockets 2 in columns 19 and 
20 of 7RS-GOP7 and to sockets 2 and I in col- 
umns 19 and 20, respectively, of 7RS-GOP8. 
Accordingly, if Unit Out 157 and relay storage 
Group Outs 7 and 8 are operated, storage unit 
157 will apply numbers 11 and 12 to the SI and 
S2 columns of Out bus-sets 7 and 8, respectively, 
if the storage unit contains the computed + 



mitted to sequence storage comprises SI number 10 sign indicant 2; if the computed sign is — , as 



32 and S2 number 31 if the first calculated ap 
proximation Xi+i and the first guess Xi do not 
differ from each other by more than the tolerance 
t. This means that the square root of N has been 



represented by energization of relay I, column 
1, then the storage unit will apply the SI and 
S2 numbers 22 and 21 to Out bus-sets 7 and 8. 
The fourth line of the alternate iteration se- 



calculated to the required degree of accuracy 15 quence will be the same as the fifth line of the 



and so the main sequencing path may be resumed 
for the continuation of the main calculation of r, 

_-&+(#)* 



2a 

On the other hand, if the computed SI and S2 
numbers are 22 and 21, then the difference d 
between the first calculated square root and the 



first iteration sequence but instead of 52 and 53 
in SI and S2 will contain 57 in both SI and S2. 
The socket SGP57 will be plugged as shown in 
Fig. 53b to sockets RSGP7-7 and 8-7 and socket 
20 SUP57 will be plugged, as shown in Fig. 53a to 
socket RSUPI57. Accordingly, in the fourth 
commutator run in the alternate iteration se- 
quence, the SI and S2 numbers will be obtained 
from storage unit 157 and transmitted to se- 



first guess is greater than the tolerance t. In 25 quence storage. If the SI and S2 numbers thus 



that event, the iteration sequence is repeated. 
During the running off of the fifth line of the 
iteration sequence, the first calculated square 
rort Xi+i, obtained in the running off of the sec- 
ond line of the iteration sequence, was trans- 
mitted from relay storage unit 129 to unit 031 
(see Section 17a), and so has replaced the first 
guess for the next iteration sequence. 

In the foregoing manner, the iteration sequence 



obtained are 22 and 21, the iteration sequence 
(alternate one) will be repeated, but if the SI 
and S2 numbers are 11 and 12, the main calcu- 
lation path will be selected in order to proceed 
30 with the problem. Continuation of the main 
path of the calculation need not be sequenced 
from the same sources which sequenced the cal- 
culations preceding the iteration. Therefore, 
the SI and S2 numbers in the first part of the 



will be run as many times as necessary to obtain 35 problem may be 32 and 31 while the computed 

a square root to the required accuracy, and when si and S2 numbers for continuation of the prob- 

this has been done, the computed S I andS2num- lem after the iteration may be 11 and 12. 

bers will be 32 and 31 and will direct the stream Case 2. — Computing the calculation instruc- 

of calculation into the main path. Assuming tion. — This case determines, as a result of a com- 

this has been done, the line of sequence selected 40 putation, which subsequent arithmetical opera- 

by the computed SI and S2 numbers 32 and 31 is, tion shall be called for by an OP field of a se- 

f or example : quence line. 
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The first of the above two lines directs the ad- 
dition to — b of the square root obtained by the 
iteration sequence, and also the multiplication of 
the term a by the constant 2 taken from dial 60 
storage. The second of these lines directs the 
division of — b+(b 2 — 4ac) 1 / 2 by 2a and the print- 
ing of the answer r (see Section 22a) . 

An alternate method of computing the sequence 
path may be used. The alternate method requires 65 
one less line in the iteration sequence. The first 
three lines of the iteration sequence will be the 
same but 5 will not be present in relay storage unit 
167. Accordingly, at the end of the third commu- 
tator run in the iteration sequence, the unit 157 70 
will contain only the + or — sign in column 1. 
Preliminary plugging will be, for example, as 
shown in Fig. 90a. Column 1 plug socket 2 of 
7RS-GOPP will be plugged to sockets I of col- 
umns 19 and 20 of 7RS-GOP7 and also to socjket 75 



As an example, the expansion of the series for 
the arc tangent function is accurate only to 
"Pi/4" (arc tan I). For values lying in the 
second octant (X between Pi/4 and Pi/2), the 
reciprocal of the argument is used, which is 
equivalent to computing the arc cotangent. A 
computation is made to determine whether the 
argument is greater or less than 1. If the argu- 
ment is less than 1, the sequence instruction for 
a multiplication is delivered to sequence storage, 
and the argument is multiplied by 1, after which 
it is used in the series expansion. If the argu- 
ment is found to be greater than 1, the sequence 
instruction for division of 1 by the argument is de- 
livered to sequence storage, and the reciprocal 
of the argument which is thereby obtained is 
used in the series expansion. The final answer, 
in the latter event, is adjusted by Pi/2. 
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An illustrative program is explained below. 
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All plugging for this problem is standard ex- in the accumulator during the run on the SISeq 

cept that relay storage unit 017 is plugged to re- , part of the second sequence line is transferred to 

ceive entries separately in its two halves and to relay storage unit 152. 

read out data as a unit, in the manner described 2» The S2Seq part of the second sequence line 

for unit 1 57 in Case 1. directs the algebraic addition of 500, taken from 

The first sequence line, SISeq part, directs pluggable storage unit 610 (also see the Qr sub- 

+500 to be transferred from pluggable storage field of line 1) to ±500 taken from ES5 which 

unit 6 1 0 to the right half of unit 0(7. The received the latter number from unit 017 dur- 

S2Seq part of the first sequence line directs a 25 ing the run on the SISeq part of the second se- 

comparison to be made between X, the argument, quence line. The result is either 0000 or 1000 

and 1. The argument X is in relay storage unit in the accumulator and is shifted three places 

013 to a known number of decimal places. The to the right to leave either 0 or 1 in the 20th 

constant 1 is in relay storage unit Oil to the column of ESI and relay storage unit 031. The 

same number of decimal places. The compari- 30 purpose of this operation is to determine wheth- 

son of X to 1 is made by entering 1 from unit er or not the ultimate answer of the series ex- 

011, with a — operational sign, into the accumu- pansion is to be corrected by Pi/2. If —500 is 

lator and then algebraically adding X. The in ES5, as received from unit 017 when X is 

algebraic sum is a positive or negative number, found to be less than 1, the result of the run 

depending on whether X is greater or less than 35 on the S2Seq part of the second sequence line 

(also equal to) 1. The algebraic sum is shifted is 0 and the correction will not be made. But 

nineteen places to the right to discard the nu- if X is equal to or greater than 1, ESS will re^ 

merical portion and the sign + or — is trans- ceive +500 from unit 017, and the calculation 

mitted to column 1 of the left half of storage instructed by the S2Seq part of the second line 

unit 017. Now standing in unit 017 is ±500 40 produces the answer 1 in ESI, as a consequence 

with + or — in column 1 and 500 in columns 18, of which the correction will be made. 

19, and 20. The third sequence line, S I Seq part com- 

The second sequence line, SISeq part, directs mands the multiplication of the number en- 
tire algebraic addition of ± 500 in unit 0 1 7 to the tered in ESI during the preceding calculation 
number taken from relay storage unit 103. The 45 by Pi/2 which is set in dial storage unit 603. If 
number in unit 103 is the same as the SISeq 0 is in ESI, then the product is 0 but if 1 is in 
part of the fourth sequence line except for OP I ESI, the product is Pi/2. The product is trans- 
columns 17 and 18 which are to be computed. mitted to relay storage unit 032. 
This computation will be pe performed by alge- The third sequence line bears the S I code 
braically adding ± 500 to the number in unit 1 03. 50 number 52. The sockets SUP 5 2 and SGP52 
If X is less than 1, then —500 stands in unit 017 (Pigs. 53a and b) will have been plugged, as now 
and when added to the number taken from unit understood, to select relay storage unit 152 as 
103, the result is the data of the SI Seq part of the the source for SISeq data. Unit 152 is now 
fourth sequence line with 15 in the OF I field. storing the computed SISeq data arrived at dur- 
If X is equal to or greater than 1, + 500 is in unit 55 ing the running off of the first two lines of the 
017 and when added to the number in unit 103, program. Accordingly, under control of the SI 
the result is the Si Seq part of the fourth se- code number 52 in the third line of sequence, 
quence line with 25 in the OF I field. Thus, the SISeq data from unit 152 is called out to 
either of the following computations is effected in serve as the left half of the fourth sequence 
the run-off of the second sequence line: 60 line. 

Columns 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15, 16 17 18 19 20 

(103) 2 1 0 1 3 2 3 6 1 2 4 3 0 1 8 7 2 0 0 1 

(017) +5 0 0 

2 1 0 1 3 2 3 6 1 2 i 3 0 1 8 7 2 5 0; 1 Off 

Columns 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15- 18 17 18 19. 20 

(103) 2 1 0 1 3 2 3 6 1 2 4 3 0 V 8 7 2 0 0 1 

(017) -5 0 0 

2 1 0 1 3 2 3 6 1 2 4 3 0 1 8 Tr 1 5 0 f 

The computed line of sequence thus has 15 The left half (SISeq part) of the fourth se- 

or 25 in columns 17 and 18 which are in the OP I quence line bears the computed OP I code num- 
field. This line of sequence which is, produced UL ber 15 if X has beep found tess than 1, hut 



279 



bears the computed OF I code number 25 if X 
has been found greater than 1. In the former 
situation, X is to be used to form the argument 
in the subsequent calculation, while in the lat- 
ter situation 1/X is to form the argument. 
The SISeq part of the fourth sequence line di- 
rects X to be read out of its storing unit 013 
(also see Ur in line 1) to the MD unit (Section 
14) to serve as the multiplicand or divisor. The 
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Assume/for instance, that the anti-log: 
X=5.1231247008109001 is to be calculated, that 
X is stored in relay storage unit 010, and that 
portion .12 of the number already has been used 
5 as the computed argument in a table look-up op- 
eration (see Section 20) and the functional 
anti-log differences, here denoted by Di and D2 
have been selected from table I. The calcula- 
tion program continues with: 
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number 1 is set in pluggable storage unit 6 12. 
If multiplication is called for (OP I number 15), 
then 1 is entered in the MD unit to serve as the 
multiplier factor. If the OP I number is 25, 
then 1 is entered in the MD unit to serve as the 
dividend. The answer is transmitted to storage 
unit 018, after a shift of seven places to the 
right, to be used as the argument, now denoted 
by y. 

The right half of the fourth sequence calls 
for multiply ing argument y, now in ES3, by a 
constant, denoted by A, taken from pluggable 
storage unit 613. The product Ay is entered in 
ES4 and stored in unit 0 1 9 for checking purposes. 

The fifth line, SISeq part, directs the calcu- 
lation Ay+B, where B is a constant taken from 
pluggable storage unit 614. The sum is entered 
in ES5, and also in unit 020 for checking pur- 
poses. The fifth line S2Seq part, directs Ay+B, 
in ES5, to be multiplied by y, in ES3 (see the 
fourth line) and the product Ay^+By is entered 
in ES4. 

The sixth, seventh, and eighth lines, and the 
left half of the ninth line continue the calcula- 
tion of the series. At the end of this calcula- 
tion, the result standing in ES5 is: 

Ay s +By*+Cy 3 +Dy 2 +Ey+F=arc tan y 

The ninth sequence line, right half, directs 
the correction of arc tan y if, as a result of X 
having been found greater than or equal to 1, 
the value Pi/2 has been stored in unit 0.32 dur- 
ing the run on the left half of the third sequence 
line. The computed result arc tan y is entered 
in ES5 during the run on the left half of the 
ninth sequence line. The right half of this line 
directs the subtraction of this computed result 
from the value in unit 032. If X was found less 
than 1, then 032 stands at zero and the final 
result is arc tan X=a.rc tan y. On the other 
hand, if X was greater than or equal to 1, then 
032 stands at Pi/2 and the final answer is arc 
tan X=Pi/2=arc tan y. The final answer is 
transmitted via ESI to relay storage unit 029. 

Cose 3. — Computation of the shift sequence 
instruction. — This case deals with computation 
of the sequence instructions for the direction 
or the amount of shift, or both, to be given by 
a line of sequence. Such sequence computation 
may be desired, for example, in the calculation 
of the anti-log of X. In this calculation, the 
anti-log of the mantissa is obtained and then 
shifted to the left, if the characteristic is posi- 
tive, or to the right, if the characteristic is neg- 
ative, the extent of shift being determined by 
the value of the characteristic. 



The first sequence line, SISeq part calls for 
multiplication of a number derived from stor- 
age unit 010 by a number read out of table I 
of the table look-up unit. During the commu- 
tator run on the first sequence line, the 1 7-place 

25 number X in 010 is delivered to columns 4 to 
20 of ES3 and its sign is delivered, as usual, to 
column 1. Also, the first difference D, is deliv- 
ered from table I to ES2. The MD unit (Section 
14) handles factors to a maximum of fourteen 

30 places. These factors are applied by Internal 
bus columns 16 to 29 (Figs. 64a and j) which re- 
ceive them from electronic storage columns 7 
to 20 (see Section 6). Accordingly, during the 
P OC step, the fourteen places, of X, to the right 

35 of the computed argument are entered in the 
MD unit to serve as the multiplicand. During 
the Q OC step, the difference Di, is entered in 
the MD unit to serve as the multiplier. The 
product, which may be designated XDi, is shifted 

40 fourteen places to the right and then delivered to 
ES 6. 

The first sequence line, S2Seq part, directs the 
machine to isolate the characteristic of X and 
store it in column 20 of ES3. At the beginning 

43 of the first commutator run, X was delivered by 
unit 010 to columns 4 to 20 of ES3. During the 
U OC step, X is sent from ES3 to the accumu- 
lator unit. In the next, V IC step, X is sent by 
the accumulator to the denominational shift unit 

CO and shifted sixteen places to the right (see Sec- 
tion 17) after which the shifted result is brought 
into ES3. The shift of sixteen places to the right 
discards the mantissa of X and locates the char- 
acteristic in column 20 of ES3. 

55 The second sequence line, left half, directs XDi 
in ES6 to be added to D2 which is read out of 
table I of the table look-up unit to ESI. The 
result is the anti-log of the mantissa and may 
be designated as anti-log Xm. This is delivered 

60 by the accumulator to ES I . 

The second sequence line, right half, has as 
its purpose the placing of the characteristic of 
X in the column position 16 occupied by the SH 
sequence field (see Fig. 38) . This will complete 

65 the computation of the shift amount which is 
determined in this example by the value of the 
characteristic. In the first commutator run, the 
Characteristic was brought into column 20 of ES3. 
In the second commutator run, right half, it is 

70 shifted four places to the left during the V IC 
step and then delivered by the shift unit to col- 
umn 16 of ES5 from which it is transmitted to 
relay storage unit Oil. 
In the third commutator run, P OC step, anti^- 

75 log Xm is sent from ESI to the accumulator. In 
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the next, Q IC step, the anti-log is read out from 
the accumulator to the shift unit and shifted 
six places to the left. The shifted result is de- 
livered to ES6. The purpose of this is to center 
the anti-log Xm so that it may be shifted to the 5 
right or to the left according to the sign of X 
and the value of the characteristic. It may be 
assumed that the anti-log Xm has been calculated 
to seven places and therefore stands in columns 
14. to 20 of ESI. It has been shifted now six 
places to the left into ES6 and therefore stands 
in columns 8 to 14 of ES6. This allows for a pos- 
sible shift of six places to the left, if the sign of 
X is + and the characteristic is 6, or a possible 
shift of six places to the right, if the sign of X 55 
is negative and the characteristic is 6, 

Relay storage unit 019 has been preliminarily 
plugged, in a manner now clear, to receive entries 

Columns 
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The computation of the shift instruction is 
completed in the run on the fourth line of se- 
quence. 

Before starting the program, relay storage unit 
013 has been set with incomplete SISeq data. 
This data will be totaled during the run on the 
fourth sequence line together with ±500,000,000 
produced in relay storage unit 019 during the 
run on the third sequence line and together with 
the characteristic which has been put into col- 
umn 16 of unit 0 1 1 during the run on the second 
sequence line. The accumulated amount will be 
the computed SISeq half of the sixth sequence 
line. Assume, first, the sign of X.to be positive. 
Hence, storage unit 0 1 9 will contain +500,000,000 
and the accumulation carried out in the P OC, 
Q OC, and. R OC steps of the fourth sequence 
run will be: 

1 2 3 4 5 6 7 8 fl 10 11 12 13 14 15 16 17 18 19 20 



(013) 
(019) 
(OH) 



2 00002600 0'4 



01400201 



+5 0 0 



I 0 0 0 0 0 
+5 0 0 0 0 



20000260 0 0 5 10 1 4 5 0 2 0 1 



in its left half from In bus-sets I and 3, to receive 
entries in its right half from In bus-sets 2 and 
4, and to read out as a single unit to Out bus-sets 
5 and 6. 

The third sequence line has R as an Out field 
and T as an In field (see Section 17a) . ES3 still 
contains the characteristic in column 20 (see 
the right half of the first sequence line) and the 
sign, as is now evident, is in column 1. During 
the R OC step for carrying out the sequence direc- 
tions given by the R and OP I fields of the third 
sequence line, the characteristic and its sign in 
ES3 are entered into the accumulator unit. In 
the next, T IC step, the characteristic and sign 
are read out of the accumulator, the character- 
istic is discarded by the shift of one place to the 
right, and the sign is re-entered in column 1 of 
ES3 from where it is transmitted to column 1 of 
split unit 019. 

Pluggable storage unit 614 (Section 23) has 
been plugged to apply digit 5 to column 12 of 
Out bus-set 4 which is the equivalent of applying 
number 500,000,000 to this Out bus-set. 

The third sequence line, in fields U and V di- 
rects the number 500,000,000 to be read out of 
pluggable storage unit SI4 to ES4, and fields SH2 
, and OP2 direct this number to be routed via the 
accumulator and denominational shift unit back 
to ES4. Note that since U is an Out field, the 
column shift cancel SHCL will not be suppressed, 
during the next V IC step. Hence, ES4 then 
contains number 500,000^000 which is transmitted 
to the right half of split unit 019 where it enters 
columns 12 to -20. Note that since U is an Out 
field, the OP.OC signal will be given in the U OC 
step to reset 26-ACC.C (Fig. 78a) . Also during 
the TJ OC step, 14-ACC.C will be turned to cause 
the signal RCC to appear (see Section 17). 
Hence, during the V IC step, the signals SHCL 
and ACC-RO will not be suppressed, as would be 
the case if U were an In field following T as an In 
field (see Section lib) . The descending counter 
in Fig. 27a has been stepped back to 0 during the 
T IC step. Accordingly, there will be no shift 
in column relation between the number in ES4 
and the number transmitted to the right half of 
unit 013. 

Split unit 019 now contains the sign of X in 
eolumh 1 and the number 500,000,000 in columns 
12 to 20. 



If, instead of a positive sign, X has a negative 
sign, then —500,000,000 stands in unit 019 and 
the result of the accumulation differs from the 
above in that the 11th column of the total con- 
30 tains digit 4 instead of 5. 

In the T IC step of the fourth sequence run, 
the computed total is transferred to relay stor- 
age unit 1 51. 
The fifth sequence line has the code number 
35 57 in SI. In a manner now understood, this 
code number in SI will call out the computed 
data from relay storage unit 157 to serve as the 
SISeq part of the sixth sequence line. 

The computed, sixth sequence line, S I Seq part, 
40 directs the number in ES6 to be routed through 
the accumulator to the shift unit to be shifted 
to the right or to the left according to whether 
the computation of sequence has arrived at 4 
or 5 in subfield Rs, to be shifted 5 places to the 
4 _ right as determined by the computed shift num- 
ber in SHI which has been derived from the 
characteristic of X, and for the shifted resaCt 
to be delivered to relay storage unit 014 (Rr). 
The anti-log Xm was brought into columns 8 
50 to 14 of ES6 during the Q IC step of the third 
commutator run. During the sixth commutator 
run, it is routed through the accumulator and 
the shift unit and the shifted anti-log is de- 
livered to unit 014. If X is negative, then the 
gs computed digit in Rs is 4 and the shift unit has 
shifted the anti-log X m to the right for five 
places. This brings the anti-log into columns 
13 to 19 of unit 014. Assuming the decimal point 
to be between columns 7 and 8, the computed 
anti-log X is a decimal position to thirteen 
places. If X is positive, then the computed digit 
in Rs is 5 and the anti-log Xm is shifted five 
places to the left and brought into columns 3 to 
9 of unit 0 1 4. The computed, anti-log X is then 
eg a number having six places to the left of the 
decimal point and fourteen places to the right 
of the decimal point. 

Case 4. —Computation of sequence instruc- 
tions for selection of number sources and re- 
70 ceiving units. — This case deals with the compu- 
tation of the instruction numbers for subfields r 
of Out or In fields. The computation of the in- 
struction number for subfield b of In or Out 
fields also will be explained. 
?5 One simple application of this case is in a 
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problem of frequency distribution for statistics. 
Assume a census is being taken of eight different 
categories, arrived at by combinations of three 
out of six sub-categories. The six sub-categories 
and their code numbers may be, for instance; 5 
male (1), female (2), citizen (4), employed (5), 
unemployed (7) , non-citizen (8) . The code num- 
bers for eight categories may be obtained by 
addition of the code numbers of the three-sub- 
categories applying to individuals, thus: 10 



male citizen employed 
male citizen unemployed 
male non-citizen employed 
male non-clitzen unemployed 
female citizen employed 
female citizen unemployed 
female non-citizen employed 
female non-citizen unemployed 



(l + 4 + 5)=10 
(l + 4 + 7)=12 
(l + 8 + 5)=14 
(1 + 8 + 7) =16 
(2+4+5) = ll 
(2 + 4 + 7)=13 
(2 + 8 + 5) = 15 
(2 + 8 + 7) = 17 



(see Section 6). The "hot" socket is used to 
apply the non-computed, pre-chosen portion of 
the SISeq part of a subsequent line of sequence. 
This is accomplished by plugging socket 2 in 
column 1 of sockets 7RS-GOPP to the proper 
sockets in columns 1 to 3 and 6 to 20 of the IBS- 
GOT group. The remaining two columns, namely 
columns 4 and 5 or 7RS-GOP7 are plugged to 
sockets 19 and 20 of 7RS-GOPP, so that the com- 
puted category number will supply the distinc- 
tive two right-hand digits of the code number in 
subfield Pr. The plugging, as shown, supplies 
the following SISeq data, the computed portion 
being denoted by CD. 



15 
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2 1 1CD 2 2 612 4 1 



t b r SHI OP1 SI 
02 58 



The three sub-categories pertaining to each 
person may be punched in code into record tapes 
and accumulated during a commutator run, such 
as described in Section 17a. The result of the 
accumulation may be entered in two receiving 
units. An illustrative line of sequence for con- 
trolling such a run is: 



The commutator run on the first line of 
20 sequence computed the category number and 
supplied it to columns 1, 19 and 20 of units 1 57 
and 158. The next line of sequence will include 
the SI code number 57 which in a manner now 
understood will select relay storage unit 157 as 
25 the source of the next SISeq data, which is given 
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2 1 533 2 2 552 2 



563 



01 01 
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The code number 533 in Pr calls for station I 30 
in bank 2 to be read out via its A selector and 
to be moved. Code number 522 in Qr calls for 
station 10, bank 2, to be read out via its B se- 
lector and to be moved. Code number 563 in Rr 
calls for station I in bank 3 to be read out via 35 
its A selector and to be moved. The code 01 in 
OP I and OP2 directs accumulation to be per- 
formed and 01 and OP2 also makes T an In field. 
The three sub-categories punched in code in 
tapes I and 10 in bank 2 and station I in bank 10 
3 will be accumulated and the sum entered in 
both relay storage units 157 and 158 (see Sec- 
tions 17a and b>. The sum constitutes the code 
number of a category. 

It is desired to maintain a progressive count 45 
of each category. The computed category code 
numbers may be used as computed sequence in- 
struction data for selecting relay storage units 
to maintain the progressive counts. The com- 
puted category code numbers are 10, 11, 12, 13, so 
14, 15, 16, and 17 which are the two right-hand 
digits of code numbers for relay storage units 010 
to 0 1 7 and 1 1 0 to 1 1 7. Either of these two groups 
of relay storage units may be used. The com- 
mon left-hand code digit for the storage units of 55 
each group may be supplied by plugging. Relay 
storage unit 157 is chosen to supply sequence 
data supplemented by a computed code number 
for subfield r of an Out field. Relay storage 
unit 158 is to supply sequence data supplemented 60 
by the computed code number for subfield r of an 
In field. The computed code number comprises 
the category number obtained in the commutator 
run on the line of sequence discussed before. 
During this run, the category number, which in 65 
each case is positive, was transmitted to col- 
umns 19 and 20 of storage units 157 and 158 and 
the + sign was stored in relay 2 of column 1 of 
each of these storage units. 

Pig. 91 shows the plugging for reading out of 70 
unit 157 to Out bus-set 7, the SISeq data supple- 
mented by the computed code number for sub- 
field Pr. Since the + sign is stored in unit 157, 
the socket 2 in column 1 of the sockets 7RS- 
GOPP will be "hot" when Unit In 157 is operated 75 



above. The Pr number will be determined by the 
category number and be one of the numbers 110 
to 117. The code number 612 in Qr calls out the 
digit 1 set in pluggable storage unit 612 (see Sec- 
tion 23). The code number 02 in OP I calls for 
accumulation. Accordingly, when the above 
SISeq data is carried into effect, the previous 
category count in the storage unit selected by the 
computed category code number will be increased 
by 1. The R field of the above SISeq data in- 
structs the accumulator to read the latest count 
into ESI. The SI code number is 58 and is used 
to select relay storage unit 1 58 as the next source 
of SISeq data. 

Pig. 92 shows the plugging for supplying the 
next SISeq data. The + sign plug socket 2, in 
column 1 of 8RS-GOPP is plugged to supply the 
non-computed portion of the SISeq data to col- 
umns 1 to 13 and 16 to 20 of the sockets 8RS- 
GOP7. The other two columns, 14 and 15, of 
sockets 8RS-GOP7 and which correspond to 
columns 14 and 15 of subfield Rr are plugged to 
receive the computed category number from col- 
umns 19 and 20 of sockets 8RS-GOP7. The 
SISeq data read out of unit 158 is shown below, 
the computed portion being denoted by CD. 
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The above data calls for the latest progressive 
count, of the computed category, which was ob- 
tained in the preceding commutator run and in- 
serted into ESI to be transferred, by way of the 
accumulator and shift unit, to the relay storage 
unit selected by the computed category number. 
In this example, the computed category number 
is the same for the Pr subfield of the preceding 
SISeq data and for the Rr subfield of the next 
SISeq data. Therefore, the latest progressive 
count of the computed category will be returned 
to the same memory unit from which the previous 
count was taken. 

In the foregoing manner, a category number 
may be computed and a memory unit selected 
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thereby to maintain a progressive count of the 
frequency occurrence of the category. 

Case 5. — Modification of sequence instruction 
for bus-sets. — When the frequence counts of cate- 
gories are not to exceed 9 -place numbers, half 5 
as many relay storage units as the number of 
categories may serve to keep the frequency 
counts. Each such unit will then be used as a 
split unit. The computation of the sequence 
instructions for selecting the units will involve 10 
not only a determination of the storage unit code 
number but also of the bus -sets to which the split 
units are plugged. In other words, if both halves 
of a storage unit are to read out stored num- 
bers separately, they must be plugged to different 15 
Qmk bus'seta and if they are to receive numbers 
separately they must be plugged to different In 
bus^sets. The selection of the relay storage Group 
Outs and Group Ins is determined not only by 
the number in subfield r but also by the digit in 20 
subfield b of the same field (see Section 11). On 
the other hand, the selection of a relay storage 
Unit Out or In is determined only by the number 
in the subfield r. Hence, the desired half of a 
split unit is selected by the number in subfield 25 
r and the digit in subfield b. 

Assume, for instance, that the units of relay 
storage Group ft are to be used as split units both 
for receiving and reading out numbers, that the 
left halves' of the units are to receive numbers 30 
from In bus-set 4 and to read out to Out bus-set 

4, while the right halves are to receive from In 
bus-set 5 and to read out to Out bus-set 5. The 
plugging for this will be as follows: 

For receiving numbers in the left halves; col- 35 
Umns 1 to 10 of sockets ORS-GIPP (Figs. 29 and 
30 and Section 6) to columns 1 and 12 to 20 of 
ORS-GIP4, and from socket 82 of ORS-GIPP to 
socket 82 of ORS-GIP4. 

For reading out numbers in the left halves; 40 
columns 1 to 10 of sockets ORS-GOPP to col- 
umns 1 and 12 to 20 of ORS-GOP4. 

For receiving numbers in the right halves; col- 
umns 11 and 12 to 20 of sockets ORS-GIPP to 
columns 1 and 12 to 20, respectively, of ORS- 45 
GIP5, and from socket 84 of ORS-GIPP to socket 
82 of ORS-<}IF5. 

FOr reading out numbers in the right halves; 
columns 11 and 12 to 20 or ORS-GOPP to col- 
umns 1 and 12 to 20 of ORS-GOP5, respectively. 50 

By this plugging, all fifteen units of the 0 relay 
storage group may be used as split units. Sim> 
larly, others of the ten relay storage groups may 
be plugged to receive numbers in their left halves 
from m bus-set 4 and in their right halves from 55 
In bus-set 5 and to read out numbers from the 
left and right halves, separately, to Out bus-sets 
4 and 5. 

An example will be given of the computation 
of sequence instructions for Out and In bus- go 
sets and also of the relay storage units. For this 
example, assume there are 200 consecutive cate- 
gory numbers 000 to 199 for which frequency 
counts are to be kept in left and right halves of 
the 100 relay storage units 010 to 019, 020 to 029, 65 
038 to 039, 040 to 049, 050 to 059, 063 to 063, 
070 to 079, 089 to 089, 090 to 099, and 103 to 109. 

The computation of sequence will include the 
first step of multiplying the category number by 

5. The product is one of the numbers 000, 005, 70 
010, 015, 020 . . . 980, 985, 990, and 995. The 
next step in the computation is the addition of 
100 to the product, giving one of the numbers 
0100, 0105, 0110, 0115, 0120 . . . 1030, 1085, 1090, 
and. 10SS. The number in the thousands, hun- 75 



dreds, and tens orders ol the sum is the Identifying 
code number of a relay storage unit. The units 
order digit of the sum is either 0 or 5. The sum 
will be entered in storage units 157 and 158. Unit 
157 will be called to read out the first computed 
line of sequence and unit 1 58 will be called to read 
out the second computed line of sequence. 

Assume each category number when obtained 
is sent to storage unit ISO after which the follow- 
ing program may be carried out. For conven- 
ience, the program is shown as made UP of the 
S fSeq parts of sequence lines but it is understood 
that each line also includes an S2Seq part. 
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The first line directs the category number in 
150 to be multiplied by 5 taken from pluggable 
storage unit 612 and for the product to go into 
ES3. By multiplying a category number by 5, 
one of the numbers 000 to 995 is obtained. The 
next line directs the addition of the product in 
ES3 to 100 obtained from pluggable unit 614. 
The sum is transmitted to ESS and unit 1 57. The 
third line directs the same sum, in ESS to be 
transferred to unit 158. Also, the third line has 
the SI code number 57 to select unit 157 for ap- 
plying the sequence: data in the fourth line to 
Out bus-set 7. 

Referring to Fig. 93, the socket 2(4 ) of 7RS- 
GOPP is plugged to socket 2, column 1 and socket 
4, column 2 of 7RS-OQP7, The remaining plug- 
ging is the same as in the preceding case (see 
Pig. 91) except that socket 2 of 7RS^GOPP is not 
plugged to column 3 of 7RS-GOP7. Columns 17, 
18, and 19 of 7RS-GOPP are plugged to columns 
3, 4, and 5 of 7RS-GOP7. The computed relay 
storage code number (designated by CDE) in 
columns 17, 18, and 19 will thus supply this code 
number to the subfield Pr of the fourth sequence 
line. The 20th column of unit 157 contains either 
0 or 5. If 5 is in this column, then the 1 socket 
in 7RS-GQPP will be "hot" when Unit Out 157 
is operated. This socket is plugged to socket I 
in column 2 of 7RS-GOP7. The 4 socket in col- 
umn 2 of 7RS-GOP7 is plugged to socket 2 in 
column 1 of 7RS-GOPP. Hence, if 0 stands in 
column 20 of unit 157, the bus number 4 will be 
supplied to subfield Pb of the fourth sequence 
line, but. if 5 stands in column 2 of unit 157, 
then the bus number 5 will be supplied to sub? 
field Ps of the fourth sequence line. According 
to whether the bus number is 4 or 5, either the 
left or right half of the selected unit CDE will be 
selected to read out the category count. The SI 
code number 58 in the fourth line calls for relay 
storage unit 158 to supply the next SISeq data. 
The plugging of 8RS-GOPP to 8RS-GOP7 differs 
from that shown in Fig. 92 in the same respect 
as Fig. 93 differs from Fig. 91 and is such as to 
read out the fifth line shown in the above prcn 
gram. 

Case 6. — Selection of operational sign cods 
number. — A computation may be performed to 
find the sign and value of an argument. A func- 
tion of the argument may be computed, treating 
the argument as a positive number. The result 
may then be modified according to the sign of the 
argument. For instance, sine C— X) ——sine X. 
A table of sine functional values for positive ar> 
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guments X may be used to compute sine X. The 
value of sine X may then be modified by treat- 
ing it as a positive value if the original sign of 
the argument is positive and treating it as a 
negative value if the original sign of the argu- 
ment is negative. An illustrative program is: 
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vention. It is the intention, therefore, to be 
limited only as indicated by the scope of the fol- 
lowing claims. 
What is claimed is: 

1. In a computing apparatus; an assemblage, 
including means for storing numerical data mani- 

SH OP 
r 2 2 S2 
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4 IS 19 2 
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2 1 281 4 
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or 3 100 
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It is assumed for the above program that X is 
a number with less than ten places and is stored 
in the left half of unit 0(9. It is assumed fur- 
ther that constant I has been entered in column 
20 of unit 019. The manner in which a unit 
such as 0 1 9 may be plugged to receive and read 
out entries separately in the left and right halves 
has been explained before (see Case 1). It is 
also asumed that prior to this program, the de- 
sired functional values have been selected in table 

1 of the table look-up unit. 

The first line of the above program directs X 
to be read out of unit 019 and into the MD unit 
and for the + absolute operational sign CPs is 0) 
to be applied to the factor X. Thus, the posi- 
tive absolute value of X will be used in the com- 
putation of /(X). The other factor D3 in the 
first multiplication is taken from table 1 and the 
product XD3 is transferred to ESS. The right 
half of the first line directs another functional 
value Da from table I to be added to XD3. The 
algebraic sum XD3+D2 is stored in ES5. 

The second sequence line orders X, now in 
ES6 to be treated as a + absolute number 
and to be multiplied by XD3+D2. The product 
XiXDz-\-D2) is added to a third functional value 
Di, from table I. The third sequence line calls 
for multiplication of the + absolute value of 
X by the previous sum, and for the product 
X(.X 2 D3+XD2+Di) to be added to a fourth 
functional value Do from table I. The sum 
X(.X 2 D3+XD2-\-Di) +Do is transmitted to relay 
storage unit 100. The left half of the third se- 
quence line has SI number 19 which, in a man- 
ner now understood, selects unit 0 1 9 as the next 
source of SISeq data. The plugging between 
9RS-GOPP and 9RS-GOP7 is shown in Pig. 94. 
It is seen that the pre-chosen sequence data is 
applied via the plugging between socket I in col- 
umn 20 of 9RS-GOPP and columns 2 to 20 of 
9RS-GOP7. Sockets I and 2 of column 1 in 
9RS-GOPP are plugged respectively to sockets I 
and 2 of column I in 9RS-GOP7. Hence, the op- 
erational sign code number in Ps of the fourth 
sequence line will be either 1 or 2, depending on 
the sign of X. 

It is to be understood that in those cases in- 
volving the selection of units for reading out 
values, as in Cases 4 and 5, it is possible not only 
to select relay storage units for this purpose but 
also to select others of the units such as tape 
storage, banks, the dial storage unit, and the 
pluggable storage unit. 

While there have been shown and described 
and pointed out the fundamental novel features 
of the invention as applied to a preferred em- 
bodiment, it will be understod that various omis- 
sions and substitutions and changes in the form 
and details of the device illustrated and in its 
operation may be made by those skilled in the 
art without departing from the spirit of the in- 
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15 festations and a calculator, program means, 
means controlled by said program means for con- 
trolling variable data manifestation entry from 
said storage means into the calculator, means 
controlled by said program means for controlling 
20 arithmetical operations on the data manifesta- 
tions and means controlled by said program 
means for controlling transmission of calculated 
result manifestations to said storage means, said 
program means including a plurality of manifes- 
25 tation storage means each storing manifestations 
of a set of sequence instructions, a circuit organi- 
zation including one of said last named storage 
means for transmuting a set of manifestations 
into related program control potentials for said 
30 assemblage, a plurality of concurrently available 
sources of sets of sequence instruction manifesta- 
tions, circuits comprising said one of said above 
mentioned last named storage means controlled 
according to its stored manifestations of sequence 
35 instructions for selecting one of said concurrently 
available sources of sets of sequence instruction 
manifestations from one of said concurrently 
available sources and means including said one 
of said above mentioned last named storage 
means for applying the selected set to another of 
said plurality of storage means. 

2. In a computing apparatus; an assemblage, 
including means for storing numerical data mani- 
festations and a calculator, program means, 

43 means controlled by said program means for con- 
trolling variable data manifestation entry from 
manifestation storage into the calculator, means 
controlled by said program means for controlling 
arithmetical operations on the data manifesta- 
u0 tions, in combination with means for storing 
program' data manifestations, a pair of sequence 
data manifestation storage units, circuits includ- 
ing said program means for transferring mani- 
festations of program data from the program 
data storing means into one of said pair of se- 
quence data manifestation storage units, and a 
circuit organization coacting with the respective 
one of the pair of sequence storage units to trans- 
60 mute the manifestations of program data in said 
one unit into successive calculation program con- 
trol potentials for said assemblage. 

3. In a computing apparatus including numer- 
ical data storing means for storage of all digit 

6g values, a calculator, entry circuits for entering 
data from the storing means into the calculator, 
and readout circuits for delivering data from the 
calculator to the storing means, the combination 
of, a control circuit network including a signal 

70 circuit for applying a common entry timing and 
producing signal to the entry circuits to effect 
concurrent entry of all digit value data into the 
calculator, another signal circuit for applying a 
calculation start signal to the calculator, and a 

75 third signal circuit for applying a common deliv- 
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Mgr Staling ana producing signal to ;the reaitout 
circuits to effect concurrent readout of all digit 
value data from the calculator to the storing 
means, and a signal circuit in the. calculator sfor 
applying a calculation end signal : to said control 
Circuit .network to effectuate operation < Of said 
third signal circuit. 

A. Jn a coinputingiapparatusiincluding-.nuiner- 
ical -data storing .means for .storage of :dll digit 
values, a calculator, entry circuits selected {ac- 
cording, to different value digits in orders ; of nu- 
merical ; data in said: storage means to <be entered 
in the calculator, readout cireui ts selected, accord- 
ing to different value digits in the orders, of ;a -re- 
sult in .the calculator ' to ; be transmitted ?to,«aiH 
storage means, the combination of, ai-signaLchv 
cuit for applying a common timing signals to the 
selected entry circuits -to produce ^simultaneous 
entry into the; calculator of the different value 
digits in orders Of 'numerical data 'in .memory, , a 
signal circuit for applying ;a -calculation --start 
signal to the calculator, a circuit-operated rbyithe 
calculator for producing' a calculation /end Sig- 
nal, sand a 'signal. circuit brought into .operation 
under control of the calculation end signal lor 
applying a common timing signal to the;readout 
circuitsto produce simultaneous 'transmission 'to 
said -storage means of the different value digits 
in the orders of the calculated result. 

SB ... iln i a •' computer or the like ; a . number > repre- 
sentation source including number output cir- 
cuit igates, -a number receiver -including number 
input circuit gates, transfer circuits effective upon 
closure of the output and input gates for trans- 
ferring a»number representation 'f rom the-aouree 
to the receiver, closure devices for the output and 
input-gates respectively, .-means' prcducingeondi- 
tioning potentials, and means -for producing -a 
forward signal by the number representation 
source comprising > means operated' by : the opera*? 
tion.o'f its output gates for producing said for- 
ward signal and means controlled jointly by 'said 
forward signal and by said conditioning 'poten- 
tials -for controlling the operation; of the closure 
device for the input gates . 

S.:ln a- computer or the :like; a storage unit 
for -numerical data representations, a receiving 
unit formumerical data representations, circuits 
to;transfer : numerical data-f rom the storage unit 
to the receiving unit and including' an^'OUt" bus- 
set, means for' applying the numerical data rep- 
reaentations in < the storage unit to the Out; bus- 
sets and transfer circuits, a pilot device 'for -"ap- 
plying.-^ timing signal to the transfer circuits to 
timevthe -entry: by; said transfer- circuits df the-ap- 
pliecb numerical data representations into the>re- 
oeiving unit, a source of signals <i or conditional 
said: pilot device, means operable upon- operation 
nf isaid applying means f or'produeing~a forward 
atoialmnd' routing said signai via the Out bus»set 
toi the pilot device to- cooperate with said source 
ufi signals : to: control it in;:lts--production;of ithe 
entry, timing signal. 

- 7. :!Infa::computer:nr thelike, numerical- date; 
representation storage .means, numerical data 65 
representation receiving-means, circuitsfto*;tsaTis- 
Smr data:representations froms storagefctosthe ♦re- 
ceiving rmeans rand : including .a > pluraiity>df ss*- 
lectable . circuit channels to which said ^storage 
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producing :rneans ff or .'selectively applying poten- 
tials to -said pilot .devices for effecting coordinat- 
ed iaelection of the -pilot units rand *the related 
channels, :and forward .signals applied -.by said 
storage means -Afia: the seleetea channels to there- 
lated Hilqt (units tand^acting conjointly ; with said 
potential producing means to (enable ^ a -selected 
pilot unit to pilot data representations ;into -the 
receiving; means. 

t8; :i»;»feoirjputert0!rfthe lilte- aififcoragevunitftor 
numerical . data ^representations -of iall = digit val- 
ues, ca ^receiving unit for numerical idata trepre- 
aentations/iCircuits to:transfer :the numerical data 
representations £f rom ithe: storage ; unit > to ;the ; re- 
ceiving/unit,: and switching connections upon op- 
e^ation-of - whichdand via ,which;the storageunit 
applies'.representationsof numerieal'dateitherein 
to said jtraasfer [Circuits, an entry timing .device 
fflriapplsingia timing signal to said .transfer cir- 
cuits tto produce a :<simultaneous ?entry thereby 
into .the'receiving unit of the.-numerical-'data rep- 
resentations: of allidigit values, meansiproducing 
conditioning potentials, and means producing ?a 
forwardisignal comprising means operable by the 
onerationjof, said switching, connections.^said f or- 
wai3d?jsig»al;and.said potentials jointly eontrol- 
liagt-said: entry timing device. 

?8. Iniaacomputer .or ! the like; s numerical data 
representation ..storage . means, numerical data 
r,eRW»entatjon i receiYing. means,, circuits to trans- 
fer ; data: representations from storage . to-the re- 
ceiving means rand .including an output - circuit 
gate veff.ee tiye upon operation > thereof to apply 
the ; numerical ; data -representations ,from stor- 
««eito:.ther.transfer eircuits, >.gate-mea-ns, .avpilot 
devtee /.controlling ;said .gate means* to pilot the 
entry of the data v representations 'applied to 
said transfer -circuits, to i the receiving means, * 
seQueocing device including means 'producing 
conditioning potentials and a circuit <to< operate 
saidcQUtout igate, a,,«ontrol circuit for the -pilot 
device, sand signal applied -by -said ■storage 
Cleans ;to the s pilot device upon the .operation 
Of ^sajflcflratput -.gate- acting 'jointly with - said- con- 
dttionlng potentials transmitted via said control 
eiccnititosenable: the- pilot deviGe. 

il0..iin;a computer, or -the lite; -a- plurality/ of 
number representation sources, and ' respective 
<w$JRBt .-switch : means ; therefor, number repre- 
sentation rreoeiving means including input 
switch means, connecting circuits between the 
Qtttputiswitch:means:and the input-switoh-means, 
selection devicesffer selectively operating^ one of 
saMswtput.. switch rmeans 1 to apply -the -number 
representation from: the related source -and via 
the cMUMeting circuits, *to -said -input switch 
moanstto condition the latter for entering- the 
mimJaer representation into the-receiving means, 
assonrce of oonditiening potentials, a eircuit+to 
detect; the operation of an output switeh means, 
awdsa^sieyicei responsive' to said detecting- circuit 
afldswidi- conditioning potentials «for -operating 
saidfjcoiiditioned'lnput^ switch-means- to-eff ect - the 
en*ryi;of;the-,»umber into the receiving^means. 

.lU-tSOJia, computer or the: like; a bank-of nu- 
merioal t data ^representation storage --unite." -re- 
eeiyiogcQieitns.''iorKthe'«Bmerioal^ data ; ^epr«sen- 
taMons, auplurahty of circuit • ohannels-for-trans- 
f eriiing odate trepresentations f from . the < bank; to 



aaeans may apply rnumerical data :repreae»te»- ?0 ^erremying. means,; a:plurahty of ^sets -of unit 
" "* ' ' o«(»Bt .eiteuit3gates,?;each set inoKidiHg~»n -out- 

■BUtisrateiof laach.- -unit^and' the-number'-of- sets 
being fewer than the number of channels.-con- 
nectiens; between each' set- of ■ output -gate's and 



tions, gate means, a rPlurality :of pilot jdeviees 
respectively controlling; said ; gate mea»s*for -re- 
spectively piloting data, representations applied 
-to.the .circuit channels : into ■, the.trecei viQg "m eaas , 



sequencing control, means con^rising ;potonttal ^ ^ 
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tag circuits controlling said gates for controlling receive or send data representations, gate means 

the application of data from as many units of controlling the flow of data into or out of said 

the bank, as the number of sets of gates, to a unit, a pilot device controlling said gate means 

corresponding number of the channels and in- to pilot data representations into or out of the 

eluding circuits to selectively close only one gate g unit, a signal circuit for applying a back signal 

of each of the data representation applying units from the unit to the pilot device when the unit 

and from a different one of the sets of gates for is conditioned to receive data representations, 

each such unit. means cooperating with said back signal for en- 

12. In a computer or the like, a unit to receive abling the pilot device to pilot data into the unit, 
data representations, circuits to transmit data 10 a signal circuit to apply a forward signal from 
representations to the unit and including switch- the unit to the pilot device when the unit is con- 
ing connections to the unit, gate means, a pilot ditioned to send data representations, means co- 
device to apply a timing signal to said gate means operating with said forward signal for enabling 
and thereby time the transmission of the data the pilot device to control said gate means to pilot 
to the unit, a sequencing device including means 15 data representations out of the unit, and con- 
producing conditioning potentials, means to op- nections between the signal circuits for prevent- 
erate said device to render said switching con- ing concurrent production of the signals, 
nections effective, and a back signal applied to 17. In a machine of the class described, an 
the pilot device by said unit via the switching electric register for numeric data registration, 
connections upon their being rendered effective go circuits having potentials applied thereto rep- 
and acting jointly with said conditioning poten- resentative of numeric data and connected to the 
tials to control operation of the pilot device in register to apply, in response to an entry timing 
producing the timing signal. signal, numeric data entering potentials to the 

13. In a computer or the like, a data represen- register, a cancel circuit device connected to the 
tation receiving unit, circuits to transmit data 2 s register and responsive to a cancel signal to reset 
representations to the unit and including switch- the register, and an automatic pilot device for 
ing connections to the unit, gate means, a pilot producing the cancel and entry signals together 
device to apply an effectuating signal to said gate and terminating the cancel signal prior to the 
means and thereby permit the data transmission termination of the entry signal. 

to the unit, a sequencing device including means 30 18. In a machine of the class described, an 

for producing conditioning signals including a electric register for numeric data, circuits re- 

presense signal and a circuit to render the switch- sponsive to an entry signal for entering into the 

ing connections effective, means for operating register humeric data representations carried by 

said device, a back signal applied by the unit to the circuits, electrical reset means for the regis- 

the pilot device upon said switching connections 3g ter and effective in response to a reset signal, 

being rendered effective, and said conditioning a circuit operated for a determined time dura 

signals including said presense signal applied to tion to produce the reset signal, and a circuit 

the pilot device to act conjointly with the back connected to the reset signal circuit for produc- 

signal in controlling its production of the effectu- ing the entry signal, said last circuit being ef- 

ating signal. .. i0 fective after termination of the re,set signal. 

14. In a computer or the like; a data represen- 19. In a machine of the class described, an 
tation receiver, normally idle input means for the electric register for numeric data, means oper- 
receiver, a data representation source, normally ated by an entry signal for applying numeric data 
idle output means for the source, circuits for representing signals to the register to enter there- 
transmitting data representations from the in the represented data, a resetting circuit for 
source to the receiver upon operation of both the * u the register and rendered operative by a reset 
input and output means, enabling means for signal, circuits for producing the entry and reset 
the input means, an enabling device for the out- signals, and capacitive means in the resetting 
put means, means producing conditioning poten- circuit controlled by electric pulses for relatively 
tials and a circuit rendered effective by operation . timing the reset and entry signals to produce a 
of the input means for acting jointly with said reset of the register prior to each entry therein 
conditioning potentials for enabling the enabling and permitting the entry signal to have an effec- 
device to operate the output means, tive portion. 

15. In a computer or the like; data represen- 20. In a machine of the class described, ro- 
tation receiving units, a normally inactive input r . lays forming a numeric data register, entry cir- 
means for each unit, a transmission channel in- JU cuits for energizing the relays according to nu- 
cluding data representation receiving lines and meric data, hold circuits for the energized re- 
a back signal line, a device to render any of the lays, a resetting device for the register compris- 
input means active thereby to select the related tag means for breaking the hold circuits, and 
unit to receive data representations, a source of automatic sequencing means for operating the 
data representations having a normally inactive resetting device and the entry circuits in over- 
output, means for transmitting data representa- lapping times and terminating operation of the 
tions to said data representation receiving lines, resetting device first to allow the hold circuits of 
a pilot device, and means producing a back sig- the relays energized by the entry circuits to 
nal upon operation of an active input means and make with minimum delay after termination of 
applied via the active input means and the back 6j the operation of the reset device. 

signal line in said channel to the pilot device 21. In a machine of the class described, an 
to condition the pilot device, means for render- electrical data representation storage unit hav- 
ing said conditioned pilot device operative to ren- ing a normally idle input circuit gate, circuits 
der the output means active to apply data rep- , 0 to apply data representations via said gate, when 
resentations from the source via the data receiv- operated, to said storage unit, a reset circuit 
tag lines and the active input to the selected re- for said unit, a reset control device for operat- 
ceivtag unit. ing the reset circuit to clear the unit for recep- 

16. In a computer or the like; a data represen- tion of new data, a device for operating said 
tation register unit selectively conditionable to 75 gate to admit data into the unit, means pro- 



Itoclhg Conditioning signals, and ttlttfcttlttA 
circuit stablMrcd via said operated gate for act- 
ing 'Jointly with said conditioning 'signals for 
CHablfttg said reset cdritrbl device to function for 
operating the reset circuit to clear the unit for 
receptibhbf hew data. 

32. In a Machine of the class described, an 
electrical data representation storage unit hav- 
ihg ! a normally idle input 'circuit gate, entry cir- 
cuits to enter data representations into the unit 
by way of said gate -when active, a circuit for 
rendering said gate active, a reset circuit for 
said uhit, a pilot device including means for 
'Sftilyirig .% reset signal to the reset Circuit fdr 
clearing the unit for reception of hew data, a 
sequencing device including means for producing 
conditioning signals including a -presense signal, 
means for rendering said sequencing device op- 
erative, and -a circuit effective upon said gate 
being rendered active for'applyirig a'baek^Ighal 
to : the pilot device -to combine with said condi- 
tioning signals for enabling the pilot device to 
aipply the reset signal to the reset circuit. 

$6. m a'machine such as delined in claim 22, 
saSi pilot 'device also -including means for ap- 
plying 'an -eritry ^Imihg signal «to itne 't&tftreiir- 
cuits outladting the reset signal. 

$&. ^h a machine such as defined in claim 23, 
said sequencing device when rendering operative 
'■mo applyfhg '-Said CcmoUtibhihg signals to the 
pilot device to combine with the back signal in 
enabling the pilot deviee to produce said entry 
timing signal. 

25. In a machine J 6*f :; the class described, a 
da%" ripresefttltiOhirece^ 

for, a circuit channel having data representa- 
tion transmission lines and reset and back signal 
lines, circuit connections ^operated to connect 1 the 
data representatioh^transmission lines to the re- 
ceiver, the reset signal line to said reset device 
alBid the back sigitial liHe^to a source of signal po- 
tential, means producing conditioning potentials 
attd a circuit divice ednttected to the back and 
reset signal -'lines to receive a back signal pro- 
duced upon operation of said circuit connec- 
tions and enabled l by said back signal acting 
with said conditioning potentials to apply a re- 
set signal to -the reset device to Clear the 're- 
ceiver for the reeeption of new data representa- 
tions- from the data transmission lines. 

28. In a machine such as defined in claim 25, 
a 'source of data representations connected to 
the "transmission line's -ih said circuit Channel, 
said circuit deviee also including a circuit un- 
der control of the back signal for effecting the 
a'BfcMeation of data -representations from the 
source upon'the'trahsmissiOn line. 

In a machine operating -with record ma- 
t«rftii'having successive indicia representing rec- 
ti**! ; -a sensing and feeding station for sensing 
one indicia record after another, readout cir- 
cuits 'for an indicia record sensed at the station, 
a program device conditioned by one program 
instruction for conditioning the readout circuits 
to operate and "conditioning a network at the 
"statidn to cause the record material to feedafter 
the readout circuits have read Out an indicia 
representing record, said program device being 
controlled l by another program instruction for 
conditioning the readout circuits to operate and 
conditioning said network at the station to cause 
the ; indicia record Co remain in the same sensing 
position, and ' a sequencing device for rendering 
the program device effective for operating the 
cohditioried effctes' to'r^adCut ah'ihdicia-repre- 



sentlh'g record -at the 'sensing -position ana to 
operate said network at the etotien^to Cause «ttts 
record material to feed or not to feed according 
to the conditioning of the station. 
5 23. In a machine Operating with record ma- 
terial having successive numerical indicia >reprte- 
sentaticn records; a register, a sensing and feed- 
ing station for sensing ohe indicia record 'after 
another, entry circuits operable to enter '-the 
to numerical indicia representation of a sensed rec- 
ord into the register, a program device condi- 
tioned by one sequence instruction fdr prepar- 
ing additional entry circuits "to operate «and *a 
network at the 'station to cause 'the f&orft ma- 
ts terial to feed thereafter, said program device 
being Controlled -by another sequence Ihsttuetidh 
tor preparing Said additional entry circuits 'to 
operate arid allowing the station to retain -the 
same indicia record In sensing position, and % 
20 sequeniingoCvfee for rendering said program de- 
vice effective for connecting said additional entry 
circuits to the sensing station ^ahd 'applying «h 
entry ■timing'signal to^said^first entry circuit 
operating the network at the station -to Cause 
25 the record material to feed if prepared -for sueh 
action. 

29. In a machine operating with record ma- 
terial having successive numerical •todicia repre- 
sentation records; a sensing uhltf Or BensiHg-ohe 

so record at a Hinie, feed mechanism to 'feed one 
record after another 'to the-sensi^ iurd*, %^nu- 
merical -data representation register, ^htiiy Cir- 
cuits coimectablo to thesehsihgJ.unit *to enter 5the 
numerical indicia of a sensed ^eCotatlhtb '«fcMe 
35 register, a feed control circiiitCforsthe -feed mech- 
anism selectively cOnditiOnabte recording 'to 
Whether or' not the feed -mecha.nism'-is'-to Operate, 
a "program reeor'd -bearing either -one «sequehiise 
instruction' which eoritrols meansiTOr-'-GonnebtlHg 
40 additional entry circuits to «the -sensing '■ unit and 
the feed mechanism to operate Or beating an- 
other sequence instruction which controls means 
for connecting said addltional^entry^Keutts -to 
the sensing unit and the feed mechanism to re- 
, 43 main idle, Ja device recelvmg eiafterfSSf iisafdHfe- 
quehce instructions - and effective, iUnHer control 
Of 'either instruction for sot eonneetlng said addi- 
tional entry circuits to the sensing 'Uhit and ^ef- 
fective under control of only the" first mentioned 
instruction to so condition the feed control cir- 
cuit for operation of the feed aseschanlsm, rstWd 
sequencing means for rendering said * device ef- 
fective for connecting said additional entry:oir- 
cuits to the sensing station and applying '-Sta 
entry timing - signal to - Said first "entry 'Circuits 
arid rendering the ■ feed ■ control "circuit effective 
to operate Or not bperate the "feed :mechanifim 
a'eWrdirig '<■ to -the condltien:of ;the^0ntrOl Circuit. 

30. In a^machine bpsratiffg»wtth tWotti. taa- 
terial having- successive jttfidfeSi'^r^tSBentlngTtee- 
Or ds ; a sensing unit for- sensihgdrie:iridlcia-rec»rd 
at-a'timef feed mechanism' for teedtogJone'record 
after another 'to the sensmg- Unit, Indicia" repre- 
sentation readmit circuits ^fotiieeWfetiJttg'JWth'.ttte 
sensing unit - to read but represetttatiens -from;a 
sensed indicia record," program storage means;ftjr 
storing either a sequence instruction for the 
readout circuits to operate and the feed mecha- 
nism to feed the record material or another 
sequence "iristructibn for rthe '*ea^oat - circuits 
to operate but the feed mecharjismi to "remain 
idler meahs. f rehdermg"Said storageiiiieans opera- 
tive 'and circuits 'irtcludmgtsatdi5means:f or rt&i- 
derlhg said storage means i3(Spfiaati*e;and ren- 

75 'dereci- operative 'by <either sequence instruetifln 



50 



55 



00 



65 



70 



295 



13,636,672 



from said storage means and controlled by the 
former sequence Instruction for rendering opera- 
tive the readout circuits and the feed mecha- 
nism, and controlled by the other sequence in- 
struction for rendering only the readout circuits 5 
operative. 

31. In a machine operating with record ma- 
terial having successive indicia representing rec- 
ords; a sensing unit for sensing one indicia 
record at a time, a storage device to receive 10 
indicia representations, circuits to coact with the 
sensing unit to enter into the storage device 
the indicia representations of a record being 
sensed, feed means for the record material, a 
move circuit selectively conditionable to accept 15 
or reject a move signal and upon accepting the 
move signal controlling the feed means to feed 

a next indicia record to the sensing unit, a 
program storage device selectively energized to 
store manifestations for conditioning the move 20 
circuit either to receive or reject the move signal 
depending on the pattern of energization, and a 
squencing device for rendering the program stor- 
age device effective to condition said move cir- 
cuit and including a circuit for applying the 25 
move signal to the move circuit. 

32. In a machine operating with record mate- 
rial comprised of successive indicia representa- 
tion records; a sensing unit for sensing one record 

at a time, feed means operative to move one .10 
record after another to the sensing unit, switch 
means comprising a part of said feed means, 
means to call the feed means into operation, an 
indicia representation receiver, entry circuits con- 
trolled by an entry signal to enter into the re- 5." 
ceiver indicia representations applied to the 
circuits, output circuit connections for the sens- 
ing unit operative to apply sensed indicia 
representations of a record to the entry circuits, 
means rendering the output circuit connections 40 
operative, a forward signal circuit effective upon 
the output circuit connections being rendered 
operative and under further control of said switch 
means, in the absence of operation of the feed 
means, to produce a forward signal, a pilot device, ^ 
a source of signals for conditioning said pilot, 
said pilot being conditioned by said signals and 
rendered operative by the forward signal to 
apply the entry signal to the entry circuits, 
said switch means upon detecting occurrence of C q 
operation of the feed means preventing the for- 
ward signal circuit from being made and thereby 
blocking the pilot device from producing an 
entry signal. 

33. In a machine such as denned in claim 32 53 
the means to render the feed means operative 
being rendered effective by a move signal, and said 
pilot device including a circuit rendered opera- 
tive by the forward signal to produce the move 
signal in timed relation to the entry signal. go 

34. In a computer, a plural order value register 
having in each order an array of value represent- 
ing circuits, fewer than the number of different 
values to be selectively registered in the order, 
said value representing circuits being rendered es 
operative, singly and in various combinations, to 
register selectively the different digits according 

to a suitable combinational code, an input circuit 
for each value representing circuit, circuits se- 
lectively energized to represent values and con- 70 
currently conditioning the input circuits of each 
order, selectively, according to a plural order 
value to be entered in the register, a circuit 
for applying an entry signal, to all the input 
circuits, to render the conditioned input circuits 75 
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concurrently effective to operate the related value 
representing circuits to thereby effect a single- 
timed entry of the plural order value, a cancel 
device responsive to a cancel signal for restoring 
the operated value representing circuits so as 
to clear the register for a new value entry, a 
circuit for producing and applying the cancel 
signal to the cancel device, an automatic sequenc- 
ing circuit network for operating the cancel 
signal circuit and the entry signal circuit in 
determined time relationship, said automatic se- 
quencing circuit network including a timing cir- 
cuit having pulses continually applied thereto 
but normally unresponsive to said pulses, and 
also including a circuit for concurrently initiat- 
ing the effective operations of the cancel signal 
circuit and the entry signal circuit and con- 
trolling the responsiveness of the timing circuit 
device to the pulses, said timing circuit device 
thereupon being operated by the pulses for first 
terminating the cancel signal and then termi- 
nating the entry signal. 

35. In a computing apparatus; a calculator 
having calculation sequencing means, number 
representation source means, a read in signal 
circuit, switching means responsive to a read- 
in signal for reading a number representation 
from the source means into the calculator, and 
a calculator sequencing device including said 
read-in signal circuit and a delay circuit con- 
nected to the read-in signal circuit for retarding 
application of a start signal to the calculation 
sequencing means until after the number has 
been read into the calculator. 

36. In a computing apparatus such as defined 
in claim 35, said read-in signal circuit including 
an electron tube for applying an initiating pulse 
to the delay circuit, only upon the termination 
of the effective operation of the read-in signal 
circuit. 

37. In a computing apparatus such as defined 
in claim 35, and pulses continually applied to 
the read-in and start signal circuits, said pulsed 
circuits being operable, only after the sequenc- 
ing device has brought the read-in signal circuit 
into operation, for timing the time duration of 
operation of the signal circuits. 

38. In a computer apparatus, a calculator unit 
and associated sub-sequencing means for se- 
quencing the unit through steps of a calcula- 
tion to obtain a multiple digit calculated result 
manifestation and produce a calculation complete 
signal at the end of the calculation, a multiple 
digit calculated result manifestation receiver, and 
automatic, main sequencing means including a 
circuit conditioned to respond to said complete 
signal, and transfer circuits rendered operative 
by said circuit upon its response to the complete 
signal for effecting a single-timed transfer of 
the multiple digit calculated result manifestation 
from the calculator unit to the receiver. 

39. In a computer apparatus such as denned in 
claim 38, said receiver comprising a shift unit 
with its own sub-sequencing means, and said 
main sequencing means also mcluding a circuit 
operative in timed relation to said transfer cir- 
cuits for applying a start signal to said shift unit 
to render its sub-sequencing means effective to 
sequence the latter unit through an operation 
on the result manifestation received from the 
first mentioned calculator unit. 

40. In a computer apparatus such as defined 
in claim 39, said shift unit being a result mani- 
festation shifting unit for shifting the multiple 
digit calculated result manifestation a selected 
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number of places, and program means including 
circuits producing controlling potentials opera- 
tive on said sub-sequencing means whereby said 
last means produce potentials for controlling the 
shift of the calculated result manifestation a 
controlled number of places. 

41. In a computer apparatus such as defined in 
claim 40, a register to receive the shifted multi- 
ple digit calculated result manifestation from 
the shifting unit, a counter for counting the 
number of shift steps of operation of the shifting 
unit, and circuits brought into operation under 
control of said counter for transferring the 
shifted result from the shifting unit to the regis- 
ter upon termination of counting steps of said 
counter. 

42. In a computer device, a calculator unit to 
perform a calculation on arithmetical data rep- 
resentations and produce a calculated result 
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transfer of the calculated result manifestation 
from the calculator into the shift unit, a control 
circuit to receive the shift complete signal and 
circuits brought into operation by said control 
circuit upon its receiving the shift complete sig- 
nal for producing the exit and entry signals in 
timed relation to produce a transfer of the shifted 
result manifestation from the shift unit to said 
register. 

46. In a computing apparatus such as defined in 
claim 45, said shifting means in the shift unit 
being initiated in operation by a shift start sig- 
nal, and said sequencing circuit means having a 
delay circuit connected to the read-in signal cir- 
cuit for producing the shift start signal after the 
read-in signal. 

47. In combination, a calculator responsive to 
a data read-in signal for receiving arithmetical 
data manifestation and responsive to a read-out 



manifestation, calculation sequencing means for 20 signal for reading out a computed result mahi- 



the unit and producing a calculation complete 
signal after the unit produces the calculated re- 
sult manifestation, a result receiver, a read-out 
circuit responsive to a read-out signal for read- 
ing the calculated result manifestation out of 
the unit, entry circuit means responsive to an 
entry signal for entering the result manifesta- 
tion, read «ut of the unit, into the receiver, fur- 
ther circuits for controlling readout and entry, 
and an automatic signal sequence circuit net- 
work including a circuit conditioned to respond 
to the complete signal to thus render operative 
said further circuits for respectively producing 
the readout and entry signals in timed relation. 

4:3. In a computer device as defined in claim 
43, and a circuit connected to said read-out cir- 
cuit for deconditioning said read-out circuit, 
after the read-out and entry signals have been 
produced. 

44. m a computer device such as defined in 
claim 42, a plurality of calculator units and re- 
lated calculation sequencing means and read- 
out ctrcuit means being provided, said signal 
sequencing network having a separate selee- 
tfroly conditioned, complete-signal-receiving cir- 
cuit for each unit and a separate read-out signal 
circuit for each unit brought into operation by 
the related complete-signal-receiving circuit, 
and said; entry signal circuit being commonly 
connected' for operation under control of any of 
the. complete-signal-receivmg circuits. 

45. Ill a computing apparatus; a calculator to 
effect a calculation on arithmetical data repre- 
sentations and produce a calculation complete 
signal and including circuits- responsive to a read- 
out signal for reading out a result manifestation 
obtained by the calculation, a. result shift: unit 
responsive to a read-in. signal far receiving the 
calculated result manifestation and; including 
means controlled by a counter for: shifting the 
result manifestation a. desired number of places 
and means also controlled: by said counter for 
producing a shift complete signal at the end 
of the desired shift, said, shift unit: being, respon- 
sive to. an exit signal, for reading out the. shifted 
result, a register responsive to an entry signal 
for receiving the shifted result manifestation, a 
counter, means- for setting said counter in ac- 
cordance, with said desired number of steps of 
shift and. automatic sequencing circuit means 
including, a. circuit, operated by the. calculation 
complete., signal., circuits operated by the pre- 
ceding circuit, upon its. receiving, the, calculation 
complete signal, for, producing the. read-out and 
rsad>in signals, in. timed relation, to produce a 
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testation, said calculator including cycling means 
for sequencing the calculator through one step 
of a calculation at a time and producing a cycle 
complete signal at the end of the step, numeri- 
cal data manifestation storage means responsive 
to an exit signal for reading out data manifesta- 
tions and responsive to an input signal for re- 
ceiving data manifestations, and automatic se- 
quencing means including a circuit awaiting said 
complete signal and conditioned to operate in 
response thereto, and a selectively conditioned 
sequencing means and cooperating With Said 
sequencing means organization controlled by said 
circuit either to produce said exit and read-in 
signals in timed relation or to produce said read* 
out and input signals in timed relation, depend- 
ing on the conditioning of the circuit organiza- 
tion, whereby data manifestations from said 
storage means may be transferred to the calcula- 
tor and means connecting said calculator and 
said storage means whereby the computed result 
may be transferred from the calculator to said 
storage means, as determined by the condition- 
ing of said circuit organization. 

48. In the combination as defined in claim 47, 
a circuit in said sequencing means, said cycling 
means being initiated in operation by a start 
signal and said circuit organization including a 
circuit for initiating operation of said sequenc- 
ing means circuit for producing said start signal 
in automatically timed relationship to the exit 
and read-in signals so as to initiate the operation 
of said cycling means each time data is trans* 
f erred from said storage means to the calculator. 

49. In the combination as defined in claim 47, 
and including program means, means condition- 
ing said program means, and means for causing 
said program means to operate according to 
selective sequence conditioning for selectively 
conditioning said circuit organization to produee 
the transfer of data manifestations from said 
storage means to the calculator or the transfer 
of the result manifestation from the calculator 
to said storage means. 

5ff. In a computing apparatus; a calculator re- 
sponsive to entry signals for receiving applied 
numerical data manifestations, numerical data 
manifestations storage means responsive to exit 
signals' for applying numerical data manifesta- 
tions to the calculator, a pilot device for produc- 
ing the exit signals and a return signal for each 
exit signal, means for. conditioning said pilot de- 
vice, a main commutator including a calculator 
control device for producing the entry signals 
and a back signal for each entry signal, means 
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for conditioning said control device, said main ditioiied by either controlling signal and bper- 
commutator also having a series of commutator ated by the other controlling signal for applying 
portions operable successively to produce pilot a returning pulse to the trigger, said returning 
controlling signals, a first such portion applying circuit including a delay circuit to delay the ap- 
its controlling signal to the pilot device to act o plication of the returning pulse to the trigger 
jointly with said conditioning means to render until after the turning pulse has been applied, to 
said pilot device effective to produce an exit sig- produce the proper turning and returning se- 
nal for applying a number manifestation from quence for the trigger even v/hen the controlling 
said storage means to the calculator, and said signals occur simultaneously, 
portion being controlled by the attendant return io 56. In a computing apparatus; a pair of data 
signal for producing an operation control signal manifestation storing units, a circuit channel, 
applied to the calculator control device to act means comprising a portion of one of said units, 
jointly with said control conditioning means to responsive to a timing signal to render said chan- 
render said device effective to produce an entry nel effective to transfer the data from one unit 
signal to cause the number manifestation applied 15 to the other, means comprising a portion of the 
to the calculator to be entered therein, and a cir- other unit for applying data manifestations to 
cuit for applying the accompanying back signal the channel, a circuit rendered operative upon 
to the commutator portions to bring the next the application of said data manifestations to 
portion into operation. the channel for producing a first control signal, 

51. In a computing apparatus as defined in 20 a circuit producing a conditioning signal, a com- 
claim 50, said calculator control device including mutator having a round of operations in each of 
a circuit for applying a calculation start signal which it produces a control signal, a circuit to 
to the calculator in timed relation to the produc- produce said timing signal and including an elec- 
tion of an entry signal. tron tube trigger circuit to be turned and returned 

52. In a computing apparatus such as denned 25 in sequence.fpr causing the circuit to produce the 
to claim 51, said calculator applying a calcula- timing signal, either of the control signals occur- 
tion complete signal to the calculator control ring first or both occurring simultaneously, a 
device at the end of a calculation, and said con- turning circuit, means controlled jointly by said 
trol device including a circuit controlled jointly commutator control signal and said conditioning 
by said complete signal and said control condi- 30 signal for applying a pulse to the turning circuit, 
tioning means to supply another back signal to and a returning circuit operated by said first con- 
the commutator portions to sequence their op- trol signal and said last mentioned pulse con- 
eration. jointly for applying a returning pulse to the trig- 

53. In a computing apparatus as defined in ger circuit, said returning circuit including a 
claim 50, said data storage comprising a plurality 35 delay circuit to delay the application of the re- 
of storage units, the pilot device comprising a turning pulse to the trigger until after the trig- 
plurality of pilot units each for producing the ger has been turned j regardless of whether the 
exit signal for one of the storage units, and a control signals occur simultaneously or in suc- 
program device for selecting the pilot units to cession. 

be rendered effective by the pilot controlling sig- 40 57. In a computing apparatus; a calculator 
nals from the commutator portions, whereby nu- section to perform calculations on numerical 
merical data will be applied according to the pro- data manifestations and to produce calculated 
gram from selected storage units to the calcu- result manifestations, numerical data manifesta- 
lator. tion storage means, means connecting said cal- 

54. In a computing apparatus; a calculator culator section and said storage means, means 
section, a plurality of storage devices for num- 45 controlled by an out signal for transferring data 
ber manifestations, a plurality of number mani- manifestations from said storage means to the 
festation sources, pilot units each for producing calculator section, means controlled by an in sig- 
an input signal for one of the storage devices to nal for transmitting data manifestations from 
effect the transfer of a number manifestation the calculator section via said connecting means 
from one of the sources into the storage unit, 50 to said storage means, and a pilot device includ- 
each pilot unit also having a circuit for produc- in § a circuit for producing the out signal, a cir- 
ing an exit signal for the related storage unit to cuit for producing the in signal and means for 
control the transfer of the number manifestation selectively conditioning said pilot unit to produce 
from this storage unit to the calculator, means either signal or to produce both signals in timed 
to condition said pilot units, and a main com- 55 relation, 

mutator including a circuit for applying a com- 58. In a computing apparatus as defined in 
mon control signal to all the pilot units acting claim 57; in' combination with a sequencing cir- 
jointly with said conditioning means to render cuit network for applying a first transmission 
them effective for producing the input signals, signal and an out timing signal successively to 
said commutator also including circuits produc- 60 the pilot device to act jointly with said condi- 
ing successive signals for rendering the pilot units tioning means to enable it to produce the in and 
effective successively to produce the exit signals. out signals successively. 

55. In a signal-controlled and signal issuing 59. In a computing apparatus; a calculator 
apparatus; a circuit to produce a control signal section to perform calculations on numerical data 
and including an electron tube trigger circuit 65 manifestations and to produce calculated result 
comprising an electronic circuit having two stages manifestations, numerical data manifestation 
of stability to be turned to one stage and returned storage means, means connecting said calculator 
to the other for causing the circuit to produce the section and said storage means, controlled by an 
control signal, and means to turn and return the out signal for transferring data manifestations 
trigger under control of two controlling signals 70 from said storage means to the calculator section, 
issued by said apparatus, either one after the means controlled by an in signal for transmitting 
other or both simultaneously, said means includ- data manifestations from the calculator section 
ing a circuit operated by either controlling signal via said connecting means to said storage means, 
for applying a turning pulse to the trigger, said and a pilot device including a circuit for produc- 
means further including a returning circuit con- 75 ing the out signal, a circuit for producing the in 
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signal, a program device settable to patterns of 
control, and circuits controlled by the program 
device according to said patterns for conditioning 
the pilot device to produce either signal. 

60. In a computing apparatus as defined in 
claim 59; in combination with a sequencing circuit 
network for: applying out and in timing signals 
successively to the pilot device, respectively to 
enable it to produce the out or in signal, accord- 
ing to the conditioning of the pilot device. 

61. In a computing apparatus; a calculator, a 
first numerical data manifestation storing 
means, a second numerical data manifestation 
storage means, circuits controlled by an entry 
signal for transferring data manifestations from 1 
said first to said second storage means, circuits 
controlled by an exit signal for sending the 
data from said second storage means to the cal 
culator, a pilot device having circuits to pro 



enabling any pilot unit conditioned therefor to 
produce its in signal. 

64. In a computing machine as defined in 
claim 63, said conditioning means including a 

5 program device bearing in and out coding rep- 
resentations, means; Connecting said program de- 
vice and said storage units, circuits connected 
to said storage units and controlled by said cod- 
ing representations via said storage units to store 
10 an indication thereof, and circuits controlled 
by said connected circuits and thus settable in 
accordance with the respective coding repre- 
sentations and timed under control of said se- 
quencing network for selectively conditioning the 
pilot units. 

65. In a computing machine, a calculator se- 
lectively to perform out or in steps of calcula- 
tion, the out step involving receipt of numerical 
data manifestations and performance of a cal- 



duce the entry and exit signals, means for con- 20 culation thereon and the in step involving de- 



dltioning said pilot device, a commutator to 
apply a pair of signals to the pilot device, one 
commutator signal acting with said conditioning 
means to enable the entry signal acting with said 
conditioning means circuit to operate and the 
other commutator signal to enable the exit sig- 
nal circuit to operate, and a delay circuit in 
the pilot device connected to the entry and exit 
signal circuits for delaying the operation of the 
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livery of a calculated result manifestation, cir- 
cuits for controlling transfer of manifestations 
into or out of said calculator, signal responsive 
circuits selectively operating said controlling cir- 
cuits, means for conditioning said respon- 
sive circuits, a main commutator comprising a 
series of electronic elements operable in steps 
to perform a round of operations for applying 
signals to the signal responsive circuits and act- 



exit signal circuit until after the entry signal 30 ing with said conditioning means to render them 



circuit has operated. 

62. In a computing apparatus; a calculator 
including a shifting circuit operated to produce 
a calculated result manifestation and an attend- 
ant calculation complete signal, result mani- 
festation storage means, said shifting circuit 
connecting said calculator and said storage 
means, result manifestation receiving means, 
circuits controlled by an input signal for trans- 
ferring the result manifestation from the cal- 
culator via said shifting circuit to said storage 
means, circuits controlled by an exit signal for 
transmitting the result manifestation from said 
storage means to the receiving means, a pilot 
device having circuits to produce said input and 
exit signals, conditioning means for said input 
signal circuits and said exit signal circuits, 
and a commutator operated in response to the 
calculation complete signal for applying input 
and exit timing signals successively to act jointly 
with said conditioning means to the pilot de- 
vice respectively to enable the input and exit 
signal circuits to operate. 

63. In a computing machine, a calculator to 
receive numerical data manifestations and per- 
form a computation thereon to produce a cal- 
culated result manifestation, a plurality of data 
manifestation storage units, means connecting 
said calculator and said storage units, each of 
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effective in desired sequence, said sequentially 
acting commutator elements, each selectively 
conditioned to produce either out or in step con- 
trol signals for the circuits, and a program de- 
vice settable to in and out patterns of condi- 
tioning for conditioning the commutator ele- 
ments and circuits controlled by said program 
device according to said patterns for selectively 
conditioning said elements. 

66. In a computing apparatus; a data mani- 
festation source, a data manifestation receiver, 
a data manifestation communicating link be- 
tween the source and receiver and including in- 
put and output gates respectively controlled by 
input and output signals for admitting data 
manifestations from the source into the link 
and emitting the data manifestations from the 
link into the receiver, circuits respectively to 
produce and apply the input and output signals, 
means to condition said last named circuits, a 
sequencing circuit network producing and ap- 
plying a control signal to the input signal circuit 
to act with said conditioning means to enable 
said circuit to produce the input signal, a cir- 
cuit connected to the input signal circuit, means 
for operating said circuit and effective after the 
input signal circuit, to cause said circuit to pro- 
duce and apply a return signal to the network, 
a circuit in the network, brought into operation 



said units having an out circuit gate responsive (( j 0 under control of the return signal for applying 

" ' a control signal to the output signal circuit to 

act with said conditioning means to enable It 
to produce the output signal. 
67. In a computing apparatus; a data mani- 



to an out signal for sending data to the cal 
culator and an in circuit gate responsive to an 
In signal for receiving via said connecting means 
a calculated result manifestation from the cal- 



culator, a plurality of pilot units, one for each .qp festation register, a data manifestation source, 



circuits between said source and register and re- 
sponsive to a transmission signal for transmit- 
ting data manifestations from the source to the 
register, a reset device responsive to a reset sig- 



data manifestation storage unit and selectively 
conditioned to produce either the out signal Or 
the in signal for the storage unit, means for se- 
lectively conditioning the pilot units, each to 
produce either signal, and a sequencing network 7,) nal for clearing the data register for reception 
for producing out and in control signals and of the transmitted data, a circuit operated to 
applying each of these control signals commonly produce the reset signal, a reset delay circuit 
to all the pilot units, with the out control signal concurrently initiated in operation, a circuit 
enabling any pilot unit conditioned therefor to operated to produce the transmission signal, and 
produce its out signal and the in control signal 75 a circuit conjointly controlled by the delay cir- 



3© 

mad tfaa iaumasistUm sigaaa eiBcmt for 
terminating the effective operation af tine reset 
AEtgaal circuit. 

*8. In a commuting apparatus as defined la 
claim fi7, and a transmission delay circuit initi- 
ated in operation under control of tbe reset sig- 
nal terminating cireuit tor terminating the 
operation of the transmission signal producing 
circuit after a given interval. 

88. In a computing apparatus, a calculator to 
perform a selected calculation, a plurality of data 
aaanif estation storage units selectable to deliver 
and receive data manifestations from the calcu- 
lator, means connecting said calculator and said 
storage units, an output circuit gate for each rantt 
to deliver data manifestations, an input circuit 
gate Sor each unit to receive the data manif esta- 
twns, program circuits conditioned in patterns, 
according to prcgxam instructions, selecting the 
anits to deliver and to receive data and selecting 
the calculation, a sequencing circuit network hav- 
ing a round ®f operations and heating circuits, 
operated at the begirming of the round, for ap- 
plying potentials to the program circuits to oper- 
ate tbe output and input gates of the selected 
unite and to condition the circuit network: for se- 
qpieacmg Uhe calculator through the selected cal- 
culation, sequentially effective circuits in the net- 
»wlt, acting during the round, for effecting the 
delivery via the operated output gate of data 
manifestations from the selected unit to the cal- 
culator, sequencing the calculator through the 
selected calculation, and thereafter effecting 
transmission of calculated data manifestations, 
tram the calculator to said correcting means and 
via the operated input gate to the selected re- 
cetvtng unit, said calculator being operated dur- 
ing the round through successive steps of the 
selected calculation and receiving data manifes- 
tations from a different unit for each step, said 
p rogr am circuits toeing conditioned, In patterns 
according to program instructions for selecting 
tile different units to deliver data to the calcu- 
lator, said heattng circuits operating said pro- 
gram circuits, to simultaneously operate the out- 
put gates of the different selected units, and the 
sequentially effective network circuits effecting 
the delivery of data manifestations, from the 
selected units to the calculator, in the same se- 
quence as theealculation steps. 

10. In a comprtting apparatus including an 
assemblage, comprising numerical data mani- 
festation storage units and a calculator, in com- 
bination with a sequencing network set in ac- 
cordance with a control pattern, means to trans- 
fer data manifestations from said storage units 
to the calculator, means for rendering said se- 
quencing network effective, means conditioned by 
Said sequencing network and rendered operable 
toy said rendering means to selectively control 
said transfer means to produce selected routing 
of data manifestations from said storage units 
to the calculator, means including said rendering 
means to control said calculator to perform cal- 
culations on the data manifestations, and means 
including said transfer means selectively con- 
trolled for transmitting the computed result 
manifestations to said sequencing network to 
serve as instruction data manifestation for the 
aubseqraent sequence of operation. 

71. In * computing apparatus as defined to 
claim 70, said computed result manifestation to- 
dudtog representation of one or another number 
to designate different storage units as sources for 
iantraB&nn data. 
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72. In a computiaog: apparatus as defined in 
claim 70, said computed result manifestation in- 
cluding one or another instruction number to 
designate different arithmetical operations of the 
calculator. 

73. In a computing apparatus as defined in 
claim 70, said computed result manifestation in- 
cluding one or another instruction number des- 
ignating the storage unit to deliver data to the 
calculator. 

74. In a computing apparatus as defined in 
claim 70, said computed result manifestation in- 
cluding one or another instruction number des- 
ignating the storage unit to receive data from the 
calculator. 

75. In a computing apparatus as defined in 
claim 70, said last means including means for 
column-shifting a xwoli a selected number of 
places, and said cuHnpnted result manifestation 
including a computed shif t amount designating 
instruction. 

76. In a compulsing apparatus as defined to 
claim 75, said coteann-sMftmg means being ca- 
pable of right or left shift, and said computed re- 
sult manifestation also including one or another 
computed number manifestation designating a 
right or left direction of column shift. 

77. In a computing apparatus as defined in 
claim 76, said first transfer means including a 
plurality of ammrundcating circuit channels be- 
tween storage and the calculator, and .said re- 
sult manifestation including a manifestation des- 
ignating the channel to toe used in transference 
of data between storage and the calculator. 

78. In a computer or the like, a circuit system 
to prodnee alternately phased output signals and 
including a pair of dualrstatoility electros tube 
trigger circuits and a pair of mixer circuits /con- 
nections between one of the mixer circuits and 
a pair of output points at the .trigger circuits to 
apply effective potentiate from the trigger cir- 
cuits, when in one relative state, to the mixer 
circuit to operate it for producing one of the 
output signals, connections between the other 
mixer circuit and another pair of output points 
of the trigger circuits to apply effective paten- 
tia&s from the trigger circuits, when in an op- 
posite relative state, to this mister circuit for 
operating it to produce the other output signal, 
and a sequencing network for producing a pair 
of input signals to each sequence run of the 
network, one input signal being applied to one 
of the trigger circuits to alternate its state to 
successive sequence runs, and the other input 
signal being applied to the other trigger eireutt 
to alternate its state to sucaessire sequenee Tuns, 
whereby during one run the trigger circuits will 
beset by the input signals to the first mentioned 
relative state to cause one of the output signals 
to be produced, while in a next run the trigger 
circuits will be set by the input signals in the 
opposite relative state to cause the other output 
signal to be produced. 

79. In a oomputer or the like, a pair of data 
representing circuits, a circuit system to produce 
alternately phased readout signals far the re- 
spective data representing circuits, said system 
including a pair of electron tube trigger circuits 
of the dual-stabtmy type and a pair of mixer 
circuits, one operated Jointly by the trigger eir- 
cuits when in one relative state for producing 
case readout signal and the other operated jointly 
by the trigger circuits *hen in the opposite rela- 
tive state for producing the other readout signal, 
a ctoJutt for applying auecessive teput signals to 
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OiBftfPf -the trigger, circuits , to . alternate, ite .stete. 
another circuit for applying other successive 
input signals,, out of phase with the previously 
mentioned; input „ signals, to the other trigger 
circuit to s alternate its . state, whereby one in- 
put, signal, will- change the stale of one trigger 
circuit to disestablish one relative , state of . the 
trigger, circuits and thereby to drop one of the 
readout signals and at the same time .prepare 
for the-, opposite -relative state to be ■ established, 
while ar following out^of -phase input signal will 
change the state of the other; trigger circuit to 
establish the ■ opposite relative state and thereby 
cause the other readout signal to be produced. 
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produce a calculated, result, manifestation and a 
cnmplete sigriai at the.end of each step, numerical 
data -manifestation storage .-means . and a .se- 
quencing! circuit network including a series of 
commutator, electron valve, circuits of which a 
first one is conditioned for an out. step, and, the 
following ones are- conditioned selectively for out 
br- in, steps, said network including , a circuit 
fpt jbjcinging. said first - electron valve circuit into 
operation; to produce out signals, means produc- 
ing.. .conditioning potentials, circuits controlled 
jointly by said conditioning; potentials- and, by 
the but signals, means controlled by said cpn- 
i^p,Ugd circuit , for transferring .data manifesta- 



80. In a computing apparatus; a calculator 15 tiqns from said storage means to the calculator 



unit operating on numerical data manifestations 
to . produce a result manifestation, numerical 
data - storage; means network including a- series 
pf commutator electron valve circuits- of which 
a first one is conditioned; f qr . an ,qut step ;j and 20 
,the .following ones are 'Conditioned selectively 
f pr* out ;or .in steps,: said network including a cir- 
cuit for bringing' said: first electron valve cir- 
cuit into operation to produce qut signals, means 
producing; conditioning; potentials,- circuits con- 20 
trolled jointly by said: conditioning potentials 
and by the out signals; imeans controlled by said 
controlledroircuits: for transferring data mani- 
fiestaAions from said storage means to the calcu- 
lator, , unit:- to: be used in a calculation, means 30 
■fOr thereafter bringing the next commutator 
electron', valve circuit into: operation to produce 
eysher.-.out :Ordn;Bignals according to the selec- 
tive :i conditioning ,;of i said circuit, said circuit 
when conditioned for an out step operating simi- 35 
larly to the :first circuit and . when conditioned 
■for an .in , step producing in signals, and circuits 
brought into operation by the in signals acting 
jointly, with, said controlled circuits for selectively 



unit to be used in. a first calculation step by the 
calculator .unit,., means, responsive to said com- 
plete - signal for thereafter bringing , the next 
electron valve> circuit into operation to produce 
either; out or in signals according to the selective 
conditioning of the circuit, said Girouit ^when 
conditioned: for an-, out step operating to similar 
effect, as the first circuit and when conditioned 
for, an in step producing in signals, and , circuits 
brought into operation by the in signals acting 
jointly- with said controlled circuits for selectively 
transferring a calculated - result manifestation 
from the calculator unit to said storage means. 

66, In a signal-controlled computing appara- 
tus; a -data manifestation register, a data mani- 
festation- circuit operated by an entry signal .to 
enter data manifestations into the register, 
means producing conditioning potentials, a sig- 
nal circuit system conditioned ;;by said condi- 
tiflning" means; and . including an : electron tube 
device having a limited, switched period initiated 
by an -entry control -signal appHed to the signal 
system and operating during this period -to: pro- 
duce the entry signal, means- terminating the 



transferring a calculated . result manifestation 40 operation of said electron tube device, said circuit 
irom the calculator unit to said storage means. system also, including another electron tube de- 

• 81..-In .a; computing apparatus as defined in vice controlled bv said terminating means to 
clami'iSO, and including a circuit conditioned by operate subsequently to the first named electron 
said sequencing network and controlled by one tube device to : produce a return sipnal, and a 
of the out- signals to apply a data read-in signal 45 sequencing commutator for sequentially produc- 



.to ihe calculator unit, and said means for bring- 
ing; the next electron valve circuit into operation 
.imshidingi a delay circuit connected to the read- 
in signal circuit: for applying a delayed back sig- 
nal to the commutator electron valve circuits 
to turn off the last-operated circuit and turn 
on the next circuit. 

82. In a computing apparatus as defined in 
claim 80, said calculator unit also producing a 
calculation complete signal, at the termination 
of a calculation and the means for bringing an 
in-conditioned electron, valve circuit into opera- 
tion including a circuit responsive to, the cal- 
culation complete signal. 

83. in a computing apparatus as defined in 
Claim 80, a program device having patterns of 
sequence controls applied thereto, and circuits 
controlled by the program device according to 
said sequence patterns for selectively condition- 
ing the commutator electron valve circuits for in 
or out steps. 

84. In a computing apparatus as defined in 
claim 80, said sequencing network being operable 
automatically through successive sequence runs, 
and a circuit controlled by the last commutator 
electron valve circuit of .the series upon termina- 
.. ton,, of. its .operation for conditioning the se- 
quencing, network, for a next , sequence run. 

; 85 . in ,_ a , computing. , apparatus ; a calculator 
unit operating in successive calculation steps ..to 
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ing control - signals for said apparatus and in- 
cluding, a circuit to produce, and apply the entry 
control signal to :the signal circuit system and 
another circuit responsive to the return signal 
from said system for producing a following con- 
trol signal - for the, apparatus. 
:! 87 v In -a-, signal-controlled computing appara- 
tus;? a data source,- data transmission circuits, a 
data exit circuit gate between the data source 
and-the transmission circuits and responsive to 
an exit signal for applying data from said source 
to the transmission circuits, means for producing 
cpnditipning potentials, a -signal circuit system 
jincluding an electron tube device having a limit- 
ed, .switched , period; initiated by a transmission 
.control: signal and said conditioning potentials, 
applied- to the signal system and operating dur- 
,tofi this..switched period to nroduce the exit sig- 
nals meansfor terminating the operation of said 
electron tube device, said circuit system also in- 
cluding another electron tube device controlled by 
.said-terminating means to operate subsequently 
, to the first named electron tube device . to pro- 
duce a return signal, and a sequencing commu- 
tator for, .sequentially producing control -signals 
for said apparatus and including- a circuit to pro- 
duce and apply the transmission control signal to 
said system," and also including another circuit 
responsive to the return signal for producing a 
following control signal for the, apparatus. 
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88. In a signal-controlled computing appara- 
tus; a circuit responsive to an operating signal, 
means for producting conditioning potentials, a 
signal circuit system including an electron tube 
device having a limited, switched period initiated 
by a control signal and said conditioning poten- 
tials applied to the signal system and operating 
during this period to produce said operating sig- 
nal for the circuit, means terminating the opera- 
tion of said electron tube device, said circuit sys- 
tem also including another electron tube device 
controlled by said terminating means to operate 
subsequently to the first named electron tube de- 
vice to produce a return signal, and a sequencing 
commutator for sequentially producing control 
signals for said apparatus and including a tube 
circuit for producing the control signal applied 
to the signal circuit system and also including 
another tube circuit responsive to the return sig- 
nal from said system for producing a following 
control signal for the apparatus. 

89. In a signal-controlled calculating machine, 
means producing conditioning potentials, a tube 
circuit system responsive to an operating signal 
and said conditioning potentials for producing a 
machine control signal and a back signal in timed 
relation, and a sequencing commutator including 
a chain of signal producing circuits, each signal 
producing circuit being operable by an input sig- 
nal for producing an operating signal for said 
circuit system and being responsive to the ac- 
companying back signal for conditioning the next 
signal producing circuit in the chain to respond 
to the next input signal. 

90. In a signal-controlled calculating machine, 
means producing conditioning potentials, a sig- 
nal system including a chain of electron tubes 
responsive to a sequencing signal and said condi- 
tioning potentials for producing in succession a 
machine control signal and a back signal, and a 
sequencing commutator including a chain of 
commutator electron valve circuits each includ- 
ing a network of electron valves operated by an 
input signal for producing the sequencing signal 
for said signal system, one of said network of 
valves rendered operative by said ensuing back 
signal for producing a signal to condition the 
network in the next commutator electron valve 
circu't and means producing an input signal to 
render the latter effective to produce another se- 
quencing signal for said signal system. 

91. In a signal-controlled calculating machine 
as defined in claim 90, each said network includ- 
ing an electron valve trigger circuit turned by 
the input signal for producing the sequencing 
signal. 

92. In combination, a storage circuit operated 
under control of pilot signals and a calculator 
section operated under control of calculation 
control commutator signals, a pilot device for 
producing the pilot signals and accompanying 
back signals, a calculation control commutator 
for producing the calculation control commuta- 
tor signals and accompanying back signals, 
means producing conditioning potentials, and a 
main commutator having progressively operable 
circuits for sequentially applying operating sig- 
nals in timed relation to the pilot device, said 
pilot device rendered operative by said condition- 
ing potentials and said operating signals to ap- 
ply said first named back signal to the main 
commutator and said main commutator operat- 
ing in response to said last named signals to ap- 
ply an operating signal to said calculation con- 
trol commutator, said calculation control cqm- 
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mutator rendered effective by said last mentioned 
operating signal and said conditioning signals, 
and said main commutator progressing under 
control of the back signals from the pilot device 
and the calculation control commutator. 

93. In a combination as defined in claim 92, a 
plurality of calculation control commutators be- 
ing provided, and a program device having cal- 
culation instructions applied thereto for selec- 
tively conditioning one of said control commuta- 
tors for responding to the operating signals from 
the main commutator. 

94. In a combination as denned in claim 93, a 
no-calculation commutator also being provided 
and conditioned, by the program device having a 
no-calculation representation applied thereto, for 
operating in response to the signals from the 
main commutator to produce back signals alone, 
for controlling the progressive operation of the 
main commutator circuits. 

95. In a combination as defined in claim 92, 
said pilot device including a blank code pilot unit 
to be conditioned under control of the program 
device in accordance with the representation in 
an instruction field thereof for producing the 
back signals alone, to control the progress of the 
main commutator circuits. 

96. In a program-controlled computing ma- 
chine, a data manifestation register, a recording 
unit operable to record the data manifestations 
in the register, circuits to transmit data mani- 
festations to the register, a program device bear- 
ing either a code number representation indica- 
tive only of a data manifestation transmission 
requirement to the register or another code num- 
ber representation indicative of a requirement of 
data manifestation transmission and also of op- 
eration of the recording unit to record the data 
manifestation in the register, and a sequencing 
circuit network coacting with the program de- 
vice according to the first mentioned code num- 
ber representation for operating said circuits to 
transmit data manifestations to the register, 
said sequencing circuit network alternatively co- 
acting with the program device according to the 
second mentioned code number representation 
for operating said circuits to transmit data mani- 
festations to the register and for applying a start 
control signal to the recording unit. 

97. In the machine as defined in claim 96, a 
plurality of registers being provided selectively 
to receive data manifestations and means re- 
sponsive to said sequencing network to com- 
monly control the recording unit to record the 
data manifestations in the plurality of registers, 
and said program device having selectively ap- 
plied thereto code number representations in- 
dicative of either a requirement of transmission 
of data manifestations to any one of the reg- 
isters or requiring transmission of data mani- 
festations to any one of the registers and for op- 
eration of the recording unit to record the data 
manifestations in all the registers, and said se- 
quencing network coacting with the program de- 
vice: according to code number representations 
representing the second requirement for operat- 
ing said circuits to transmit data manifestations 
to one of said plurality of registers and for ap- 
plying a start control signal to said recording 
unit. 

98. In the machine as defined in claim 96, 
said sequencing network having a circuit for 
applying a transmission signal to said data 
manifestation transmitting circuits to render 
them effective and a circuit for turning off said 
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start -cOTrtrei t*gRal , *pri©r -to ^e^^ettfiliinMwiir'Of 
*he ^Bem^ott^iM^iWrttt pecording xatit fee- 
ing operable throaglra mcox&m c&slm and Jhav- 
ing a .cycle initiating' isfaseuit - eondlttoBed mider 
control irf the «tt^ 

effective uponutenni^ttoasof ;4he staa*>«ontt5ol 



>99.. In a icomputtng 3p*>aa5a*us;t»n!3»sseH*lage, 
including numerical data manifestation storage 



iniwtei^utt^ 

eimuits ^concurrently ie»€tet*yeita p»erate:ithe se- 
.latod-nvalue represented :mrcuits,i thereby -to ef- 
fect a single-timed shta7-daEotiie;3terala order 
value,. aoplinaiuOTd^ 
apply. dts.-,vaime, to. itherselert^^ 
cuits;. aniautamatici sequencing, strcuit network 
ijOBi(iKling.ia.,iioritBGb icircuit;' ior..astatti»shirig the 
entry: gsignal xirciiifc and a. forward signal cir- 



means and a «alcalator,' program means^-means 10 cuitTacting.upon application of 'the: value: if rom 



controlled by'sa^diprograma^nsforeontrtiUlng 
variable, data manUestation entry from ■said; (Stor- 
age means into <tk»:. OdBulator;" means; (TOfttBtSlWd 
by said program means .lor OTntrflllinga arith- 
metical operhttoi^orL;theidata''inairiM6St*ttoaB» 
and means; eonttfoiied. by said -program* .means 
for controlling traramiaston of: a. caletilated 're- 
sult manifestation -to said storage means; -said 
program means tcansrautrng groups > of . sequence 



the .source . to the selectively energized circuits 
:teieBabling,:Eaid:;cQntrob circuit,v:said, automatic 
sequencing circuit network alisoviraaiBaine a cir- 
OHiteiKSe'c.tive.:. at , a ^variable : tiij*6: for. producing a 
15 BigmHbfacting jointly /with the forward, signal , to 
taring said (C<jntrol:teircuit into operation. 
;,, x'iXf^JKmjmmii^ride^emKtt^eitaed in claim 
,7,0;; said computed -result ; manifestation includ- 
ing one or another number manifestation to des- 



instroction ' *epresenteUoasr>applted;;!^cessively 20 *gn»te-.'t&fc»p«»!tanali sign. 



to said , program means i into successive jprogram 
•control potentials : for -said; asseml^ge, wmeans 
storing available: groopKof sequence, .instraetton 
representations,? aadsrchxufts . -f ora applying! .the 



groups of 

in a variable order to .said program a«eans tflsbe 
transmuted :tato.» ararlahle ssequence. M ipcogram 
control flntentlals ..'otas said;; assemblage. 

100. Inaa.^eomputing.apptti'atias :;as idefined ; in 
claim $9} said^sEsemblagennelutiing circuits con- 
trolled; by v applMrs^TOnce Ltostt^tion': repre- 
sentations lor selecting Itihe .variable order ofiap- 
pHcatjore.MttheR 

representaticmsji^xaid'pregramcmeans. 

101. ;In aieoimjtettrro apparatus; 

later tor.,obtein?.a2T^^ indica- 
tive M ;ther ; dlfii»enee-r.l*twBen. ^worisuceessively 
errtered^numbecci^nh^tetiQns;. andi also to ob- 
tain a manifestation indicative ;.of:; the sign;:of 



1-04. A device for storing, automatically ex- 
tracting, and . effecting , performance '. of an -in- 
struction, •comprising .storage •-means : containing 
a plurality of selectable storage loeationss-eaDh 



irin^uctton Tepresentotaons sis ietentifiedxby a number- address? and* each com- 
prising means for storing, a-, ^separate! instruction 
word-mamfestation^potent^ 
selecting r, means for selecting r-- and -rendering 
available ; manifestations representative of the 
30 H6ord stored: at- a selectable address, means con- 
trollable to produce permutations of -potentials 
sto 'Selectively and exclusively operate said poten- 
Mal ^controlled addiiess^selectisg means,.;means 
iop selectively applying-.eontrolripotentials, rep- 
35 resentative - of an - address; number,,, to, said per- 
mutation, of potential • producing .means .-.to con- 
dition said means to, produee..-siich, potentials to 
•select one chosen, address, Jocatiian if rom-said plu- 
ral jty- of address- locations, . means rendering said 
the cdiffBBenpe, . .pimrerteal.'-data manifestation 40 controllable, means operative,, .translating, means 



storage r means, ,«irctitts - sto £ enter the number 
manifestations from said storage means into the 
accumulator; reircaits .to ^'transmit the difference 
between number manifestations from the ac- 
cumulator , to saidisrtorage means, a sequencing 
network having;, sequentially active devices to 
render the entry circuits effective to enter the 
number manifestations sttccessiveiy into the ac- 
cumulator and -to render "the -.transmitting; "cir- 
cuits operative after -the- accumulation,^; a 'pro- 
ceed circuit to -produce a-proeeed; signal for the 
sequencing - network -to: l ende r operative the ; de- 
vice for .rendering -the -transmitting circuits ef- 
fective, a teleranee - check ■circuit conditioning 
the proceed ciieuit- to block- production of apre- 
ceed- signal, and means -controlled by the ac- 
cumulator and the • sequencing network -for -can- 
celing the blocking -actlon'of the -tolerance -check 
circuit upon the accumulator, obtaining a mani- 
festation liifdicattve of a difference of a-pofticu- 
lar sign. 

102. In a computer, a plural order value reg- 
ister having in each, order .an .array; of ,i value 
representing circuits; fewer than the number of 
different vahies.to beselectivelyiregistered in the 
order, said value representing-,ciTcuMs.,beipg ren- 
dered operative,. .singly, and in -various .combina- 
ticovs,. to-registeR.«eJ^ 

according to a suitable combinational,;oode, ; van 
input eireuiMfoK^ch;;;yatBe repjsssentisgcciiv 
cuit, circuits ae^tj^ysenersi^' tor represent 
values and concurrently conditioning the input 
circuits of each order, selectively, according to 
a plural order value to be entered in the register, 
a circuit for applying an entry signal to all the 
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including said, controllable meansnmeans. clear- 
ing said translating means, means interconnect- 
ing said -storage , means-, .and, .said ...translating 
means, , selectiye conditioning .means,, said ren- 
dering means and ,-said . conditioning ,;means 
rendering .said , interconnecting, means operative 
whereby said .instruction wojrd;maiolfestation, at 
.the address selected, is transferred .to said trans- 
lating, means, and said, rendering means render- 
ing, said translating means .effective; to produce 
permutations . of ., effecting potentials . represen- 
iative of .said .select.ed,;instructlon , word ,mani- 
festation, whereby the instruction in said word 
may be. effected. 

105. A device for storing, 1 automatically ex- 
tracting and effecting performance of an instruc- 
tion, .comprising storage means containing a plu- 
rality of selectable storage locations, each iden- 
tified by a. number address and, each comprising 
means for, storing a- separate, .instruction word 
.manifestation, potential controlled address select- 
ing means .for ..selecting and, .rendering available 
manifestations representative of the. word stored 
at. a. selectable location, means . controllable to 
f , r produce permutations, of potentials to selectively 
"' ; operate, said, potehtial contrblled.address select- 
ing i means,, means for, selecttvelYcaPPlying control 
potentials, representative of an address number, 
io,said permutation of, potential, producing means 
- 0 to condition , said means ..to ..produce, potentials 
[tossseleet on&iChosen,.add£e^^lo^tMn^ 
plurality Of address locations, means rendering 
said controllable means operative to operate said 
address selecting means, means for rendering 
75 said permutations of potentials producing means 
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controllable by said first selected word manif esta- rendering means to control said computer device 
tion, and means for activating said potential pro- to produce an intermediate result manifestation, 
ducing means to produce selection of another testing means producing a test of said inter- 
word at another address in said storage means. mediate result manifestation and means con- 

106. A device for storing, automatically ex- 5 trolled by said testing means in accordance with 
tracting and effecting performance of an instruc- the result of said test and including said com- 
tion, comprising storage means containing a plu- puter device to selectively produce either the next 
rality of selectable storage locations, each iden- normal different instruction word manifestation 
tified by a number address and each comprising or still another instruction Word manifestation, 
means for storing a separate instruction word 10 in accordance with the results of said test, 
manifestation, potential controlled selecting 109. A data handling device comprising a 
means for selecting and rendering available storage device having a plurality of separate ad- 
manifestations representative of the word stored dress locations for holding separate instruction 
at a selectable location, means controllable to word manifestations, a source of control poten- 
produce permutations of potentials to selectively 15 tials, potential controlled address selecting means 
operate said potential controlled address select- by which the contents of any one of said sep- 
ing means, means for selectively applying control arate storage locations is made available by the 
potentials, representative of an address number, supply of an appropriate group of control poten- 
to said permutation of potential producing means tials, means for receiving a word manifestation 
to condition said means to produce potentials to 20 from a selected address, means interconnecting 
select one chosen address location from said said storage and said receiving means, means 
plurality of address locations, means rendering activating said source to produce a selected po- 
said controllable means operative to operate said tential group for selecting a desired location and 
address selecting means to read out the selected transferring the word manifestation selected to 
word manifestation, a computer section, means 25 said receiving means, means conditioned by the 
for entering data manifestations into said com- word manifestation at said receiving means, 
puter section, means for rendering said permu- means including the activating means and the 
tation of potential producing means controllable source to jointly activate said conditioned means 
by said read-out selected word manifestation, for producing a plurality of potentials repre- 
and means for activating said potential produc- 30 sentative of said word, and routing means to 
ing means to produce effecting potentials in ac- which said plurality of potentials is applied, 
cordance with said word manifestation, means 110. A device, as in claim 109, and including 
including said rendering means, acting jointly means including said source for receiving said 
with said effecting potentials for controlling the plurality of potentials from said routing means, 
steps of computation in said computing section, 85 said activating means rendering said last men- 
and means to transfer the calculated result mani- tiohed receiving means operative to apply said 
testation to said controllable means under con- potentials to select a potential controlled address 
trol of said rendering means, said activating selecting means whereby another instruction 
means rendering said controllable means effective word is selected. 
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